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The investigation for this thesis was carried out 
during the summer of 1925 in the Mechanical Engineering 
laboratory of Ohio State University under the direction 
of Prof. Horace Judd, Professor of Hydraulic Engineering. 
During the winter of 190^-06, Prof. Judd and 
Prof. R. S. King investigated the flow of water through 
orifices of 0.75 to 2.50 inches in diameter. (Engineer­
ing News, September 27, 1906.) 
Since this investigation showed that the coef­
ficient of discharge increased with a decrease in dia­
meter of the orifice, it seemed desirable to continue the 
investigation for extremely small orifices, especially 
since orifices as small as 3/32 inches in diameter are 
used in rapid sand filters for washing the filter. Also 
in the manufacture of Rayon openings as small as 0.002" 
to 0.004" are used with pressures up to 100#/o". 
In 1907, Mr. H. J. I. Bilton conducted a series of 
experiments on the flow of water through small orifices. 
(Proceedings Victorian Institute of Engineers— Australia 
1908). These experiments were conducted at low heads, the 
maximum head being 8 feet, and involved only two orifices 
smaller than 0.10 inch. 
The present investigation endeavors to indicate the 
characteristics of orifices 0.10 inch and smaller when 
subjected to heads ranging from 2 to 250 feet. 
The primary object of these experiments was to de­
termine the coefficients of discharge for extremely small 
orifices and the effect on these coefficients of increas­
ing the head to 2 50 feet. 
A few of the characteristics of the jet were re­
corded for the various heads and an attempt was made to 
locate and measure the position of least section for the 
two largest orifices. 
The results indicate a fairly consistent decrease 
in the coefficient of discharge at low heads as the head 
is increased up to a critical head and then decreased very 
slightly as the head is further increased. The head at 
which the coefficient of discharge becomes nearly constant 
varies for each orifice and is higher the smaller the orif­
ice. 
The two smallest orifices namely 0.00419 and 
0.01487 inches in diameter, showed a different characteris­
tic at low heads. As the head was decreased the coefficient 
of discharge increased until a critical head was reached be­
yond which the coefficient decreased very rapidly with 
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d e c r e a s e i n h e a d . T h i s p r o b a b l y i n d i c a t e s t h e e f f e c t o f 
c a p i l a r y a t t r a c t i o n . 
A s t u d y o f t h e c h a r a c t e r i s t i c s o f t h e j e t i n d i c a t e s 
t h a t t h e l e n g t h o f t h e s m o o t h s e c t i o n o f t h e j e t , t h e s e c ­
t i o n o v e r w h i c h t h e j e t h o l d s t o g e t h e r , i n c r e a s e s v e r y r a p ­
i d l y a t l o w h e a d s b u t a s t h e h e a d i s i n c r e a s e d t h e i n c r e a s e 
i n l e n g t h o f t h i s s e c t i o n i s l e s s n o t i c e a b l e u n t i l a h e a d 
i s r e a c h e d b e y o n d w h i c h t h e j e t b e g i n s t o b r e a k u p i n t o a 
s p r a y m o r e q u i c k l y . 
T h e a p p a r a t u s u s e d f o r t h e s e d e t e r m i n a t i o n s i s shown 
i n f i g u r e ( 1 ) . Two 4 i n c h s e c t i o n s o f e i g h t i n c h p i p e w e r e 
c o n n e c t e d t o g e t h e r w i t h f l a n g e s a s s h o w n . W a t e r was s u p p l i e d 
a t o n e e n d t h r o u g h a 3 / 8 " p i p e f r o m t h e s u p p l y l i n e . T h e 
o t h e r e n d was f i t t e d w i t h a 2 — l / 2 " n i p p l e , e x t r a h e a v y a n d 
c a p f o r h o l d i n g t h e o r i f i c e p l a t e s . F i g u r e ( 2 ) . T h e b l a n k 
f l a n g e o n t h e d i s c h a r g e e n d h a d a 3 i n c h o p e n i n g . T h i s was 
b u s h e d w i t h a r e d u c e r t o 2 — l / 2 i n c h e s . A f t e r t h e 2 — l / 2 H 
n i p p l e , a b o u t f o u r i n c h e s i n l e n g t h , was s c r e w e d i n t o t h e 
r e d u c e r t h e f l a n g e was c h u c k e d i n a l a t h e a n d a r o u n d e d e n ­
t r a n c e t u r n e d i n i t i n o r d e r t o e l i m i n a t e a n y e d d i e s a s t h e 
w a t e r e n t e r e d t h e n i p p l e . I n o r d e r t o i n c r e a s e t h e s m o o t h ­
n e s s o f t h i s e n t r a n c e a l l i r r e g u l a r s u r f a c e s w e r e s m o o t h e d 
o v e r w i t h b e e ' s wax a n d t h e e n t i r e s u r f a c e c o a t e d w i t h 
s h e l l a c * 
T h e d i s c h a r g e e n d o f t h e 2 — l / 2 " n i p p l e was f a c e d o f f 
i n t h e l a t h e i n o r d e r t o p r o v i d e a b e a r i n g s u r f a c e f o r t h e 
o r i f i c e p l a t e s t o m a k e a w a t e r t i g h t j o i n t . T h e o r i f i c e 
p l a t e s , m a d e o f s p r i n g b r a s s 0 . 0 2 1 o f a n i n c h i n t h i c k n e s s , 
w e r e o f s u c h d i a m e t e r t h a t t h e y w o u l d d r o p i n t o t h e 2—1/2 
i n c h c a p . ( F i g . 2 ) A l e a d g a s k e t was p l a c e d i n t h e c a p a n d 
a s l i g h t r e c e s s t u r n e d i n i t f o r r e c e i v i n g t h e o r i f i c e p l a t e . 
When t h e o r i f i c e was p l a c e d i n t h e c a p a n d t h e c a p s c r e w e d 
u p t h e r e was s u f f i c i e n t b e a r i n g s u r f a c e b e t w e e n t h e b r a s s 
p l a t e a n d t h e e n d o f t h e n i p p l e t o f o r m a w a t e r t i g h t j o i n t . 
T h e r e was a l / 2 M h o l e i n t h e c e n t e r o f t h e 2 — 1 / 2 " 
c a p w h i c h was c o u n t e r s u n k f r o m t h e o u t s i d e . T h i s p r o v i d e d 
a m p l e o p e n i n g f o r t h e o r i f i c e s a n d e n a b l e d t h e o r i f i c e p l a t e 
t o b e w e l l s u p p o r t e d a g a i n s t t h e w a t e r p r e s s u r e . ( F i g . 2 ) 
T h r e e d i f f e r e n t m e a n s w e r e p r o v i d e d f o r m e a s u r i n g 
t h e h e a d . F o r t h e l o w h e a d s u p t o 8 f e e t a w a t e r c o l u m n 
w a s u s e d , ( B — F i g . 1 ) , s o t h a t f o r t h e s e e x t r e m e l y l o w h e a d s 
t h e h e a d w a s m e a s u r e d d i r e c t l y i n f e e t o f w a t e r . F o r h e a d s 
f r o m 8 t o 3 0 f e e t o f w a t e r a m e r c u r y m a n o m e t e r was u s e d 
( C - F i g . 1 ) F o r h e a d s h i g h e r t h a n 3 0 f e e t p r e s s u r e g a g e s 









0 — 60 l b . r a n g e a n d 0 — 1 2 0 l b . r a n g e . T h e h a n d o n e a c h 
o f t h e g a g e s w a s f i l e d v e r y t h i n a t t h e p o i n t i n o r d e r t o 
i n c r e a s e t h e a c c u r a c y o f r e a d i n g . B o t h g a g e s w e r e c a l i ­
b r a t e d b e f o r e u s i n g a n d t h e c a l i b r a t i o n c h e c k e d f o u r t i m e s 
d u r i n g t h e p r o g r e s s o f t h e t e s t e . T h e d e n s i t y o f t h e m e r ­
c u r y u s e d i n t h e m a n o m e t e r was o b t a i n e d b y r a t i o o f w e i g h t s 
w i t h s e n s i t i v e b a l a n c e s a n d f o u n d t o b e 1 3 . 5 8 . 
T h e e n t i r e 8 " s e c t i o n s w e r e n o t f i l l e d w i t h w a t e r a s 
a i r w a s t r a p p e d i n t h e u p p e r p o r t i o n f o r a c u s h i o n i n g e f f e c t . 
A g a g e g l a s s w a s t h e r e f o r e c o n n e c t e d t o t h e t o p a n d b o t t o m 
o f o n e o f t h e s e s e c t i o n s a n d a s c a l e a t t a c h e d t o t h e g l a s s s o 
t h a t t h e p o s i t i o n o f t h e w a t e r l e v e l c o u l d a l w a y s b e s e e n . 
( E — F i g . 1 ) T h e m a n o m e t e r s a n d g a g e s w e r e c o n n e c t e d t o 
t h e a i r s p a c e a n d s o b y m e a n s o f t h e s c a l e a t t a c h e d t o g a g e 
g l a s s t h e t o t a l h e a d o n t h e o r i f i c e c o u l d b e d e t e r m i n e d . 
T h e q u a n t i t y o f w a t e r d i s c h a r g e d w a s m e a s u r e d i n t w o 
d i f f e r e n t w a y s , d e p e n d i n g u p o n t h e r a t e o f f l o w . T h e m e t h o d 
u s e d f o r t h e l a r g e r o r i f i c e s was b y w e i g h t , a s shown b y t h e 
s m a l l s c a l e s a n d w e i g h i n g c a n ( F — F i g . 1 ; . Two p i p e s ( G a n d 
H — F i g . 1 ) w e r e p r o v i d e d f o r d i r e c t i n g t h e j e t o f w a t e r a s 
d e s i r e d . P i p e G — F i g . 1 c o n d u c t s t h e w a t e r t o w a s t e a s 
s h o w n i n t h e p i c t u r e w h e r e i t i s d i s c h a r g i n g i n t o a s u p p l y 
p i t . P i p e H — F i g . 1 d i v e r t s t h e j e t t o t h e m e a s u r i n g a p ­
p a r a t u s . A l a r g e r w e i g h i n g c a n K i s shown w h i c h was u s e d 
f o r t h e h i g h e s t r a t e s o f f l o w . T h e s e c o n d m e t h o d f o r m e a s u r ­
i n g t h e d i s c h a r g e was b y v o l u m e m e a s u r e m e n t . T h r e e d i f f e r ­
e n t s i z e m e a s u r i n g b o t t l e s , 1 , 2 , 3 , a r e s h o w n i n f i g u r e 1 . 
S c r a t c h m a r k s w e r e p r o v i d e d o n t h e s m a l l e s t s e c t i o n s o f 
t h e s e b o t t l e s f o r a c c u r a t e l y d e t e r m i n i n g t h e v o l u m e a n d t h i a e 
v o l u m e d e t e r m i n e d b y w e i g h i n g t h e w a t e r r e q u i r e d t o f i l l i t . 
T h i s w e i g h t w a s o b t a i n e d o n b a l a n c e s w e i g h i n g t o t h e n e a r ­
e s t l / l O O l b . F r o m t h e t e m p e r a t u r e o f t h e w a t e r t h e v o l u m e 
w a s t h e n c o m p u t e d . T h e v o l u m e s o f t h e t h r e e b o t t l e s s h o w n 
w a s f o u n d t o b e 0 . 0 0 7 0 6 9 4 , 0 . 0 3 9 2 0 3 a n d 0 . 7 6 3 1 7 c u . f t . r e ­
s p e c t i v e l y . A n o t h e r b o t t l e n o t s h o w n , was u s e d h a v i n g a 
v o l u m e o f 0 . 0 9 2 7 3 5 c u . f t . T h i s b o t t l e was b r o k e n b e f o r e t h e 
p i c t u r e was m a d e . T h e l a r g e r b o t t l e s w e r e p r o v i d e d w i t h 
g l a s s t u b e s t o f o r m t h e s m a l l e s t s e c t i o n a n d a s c r a t c h m a r k 
w a s p l a c e d o n t h e s e t u b e s . O n e t u b e was u s e d f o r d i s c h a r g ­
i n g t h e a i r w h i l e t h e b o t t l e was b e i n g f i l l e d t h r o u g h t h e 
o t h e r o n e . 
T h e w a t e r was s u p p l i e d b y m e a n s o f a s i n g l e c y l i n d e r 
r e c i p r o c a t i n g pump a s shown i n f i g u r e 3 . T h e s t a n d p i p e 
B - F i g . 3 c o u l d b e u s e d f o r h e a d s u p t o 2 5 f e e t a n d s o f o r 
a l l h e a d s u n d e r 2 5 f e e t w a t e r was p u m p e d i n t o t h e s t a n d 
p i p e f r o m t h e s u p p l y p i t s a n d t h e pump s h u t d o w n . T h e pump 
w a s u s e d f o r a l l h e a d s a b o v e 2 5 f e e t a n d i t i s e v i d e n t t h a t 
i t w a s n e c e s s a r y t o e l i m i n a t e t h e p u l s a t i o n s o f t h e pump 
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before the water was supplied to the orifice. This was 
satisfactorily accomplished by means of throttling the 
water and cushioning with air. Values C, D, E and F were 
used for throttling as well as value H. (Fig. 3) A tank 
(K—Fig. 3) provided an air cushion in addition to the air 
chamber, (if—Fig. 3), of the pump. Also, as has already 
been stated, an air cushion was provided in the 8 " pipe 
sections which formed the testing drum. By having the 
pump pressure from 1 0 to 50 lbs. higher than that desired 
at the orifice the pulsation could be very effectively 
destroyed before the water entered the testing drum. Valve 
F-Fig. 1 was very useful for maintaining a constant head 
during a test. This valve simply by-passes the water to 
the supply pit. With this valve partly open the head was 
adjusted by means of valve H as nearly as possible to the 
desired valve. Then by regulating the flow through F a very 
sensitive regulation of the pressure in the testing drum 
could be obtained. 
One of the most difficult parts of the investigation 
was the drilling of reasonably round holes, free from burrs 
and an accurate measurement of the size of hole obtained. 
In drilling the holes an attempt was first made by clamping 
3 pieces tightly together and drilling through, with the 
hope that the center piece would be smooth. When put under 
a microscope however it was found that the center piece con­
tained burrs on the side through which the drill entered as 
well as the side from which the drill emerged and due to the 
extreme smallness of the hole any attempt to remove the 
burr had the effect of rounding the opening. The best job 
obtained was done by the Faos Gas Engine Company of Spring­
field, Ohio. Having heard of their experience in drilling 
small holes for use in their injection oil engines, a set of 
discs were submitted to them with the requirements, namely 
as round a hole as possible, sharp edges, but free from 
burrs. For drilling the holes a high speed drill, making 
about 8 , 0 0 0 R. P. M. was used. In order to eliminate the 
burr a small drop of solder was placed on each side of the 
plate. After the hole was drilled through the solder and 
plate the solder was carefully scraped off. This produced 
a very smooth sharp edged hole and was the method used for 
all the orifices. 
For measuring the size of the opening in each plate 
microphotographs were made of each hole by Prof. J. 0. Lord 
of the Department of Metallurgy, Ohio State university. 
These photographs are shown in figures - 4 to 17,on pages 91-96. 
For measuring the magnification a photograph was taken of a 
difraction grating ruled to l/lO millimeters with the camera 
set up in the same>position as for the orifice plates. Fig. 4 
Measurements were made to the nearest 0 . 0 1 inch on the plates 
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of these photographs. The magnification for the two small­
est orifices was 200 and for all others 44.26. At least 
four diameters were measured in each case and the average 
taken. 
When making a test for the coefficient of discharge 
the head was maintained as nearly constant as possible, by 
means of the regulating valves as previously explained and 
readings of the head recorded every 1 to 2 minutes, depend­
ing upon the length of run, and the average value used in 
the calculation. A stop watch was used for recording the 
time and when the discharge was determined by weight the 
run was usually terminated after some even number of minutes. 
As the scales used would weigh to the nearest 0.10 lb. the 
length of the run was such that an error of l/20 lb. would 
effect the coefficient only in the 3rd. decimal place. Since 
for the smaller orifices and especially at low heads the 
rate of flow was such that this method of measurement re­
quired an excessively long run, the method of measuring by 
volume was used. This volume was obtained by using more 
sensitive balances. The temperature of the water was re­
corded so that the weight obtained might be accurately con­
verted to volume. 
Figure 2 shows the set up of the method used in measur­
ing the diameter of the jet. The micrometers were fastened 
to a metal piece as shown, which could be moved in a groove 
in the top of a metal block. Movement in this groove was 
accomplished by means of a screw which could be operated 
with a screw driver. Only the jets from the two largest or­
ifices, 0.1003 and 0.09028 inches diameter respectively, 
were calipered as a slight error in reading the micrometer 
caused a rapid increase in the error of area as the jets 
became smaller. 
It was observed that the length of the smooth section 
of the jet, namely the distance the jet held together var­
ied as? the head was changed. An attempt was therefore made 
to measure the length of this section for the various heads 
in order to determine if some fixed relation existed be­
tween the head and this length. 
It was somewhat difficult to accurately measure the 
length of this section as it was not altogether a stable 
quantity. This instability became more noticeable as the 
head was increased. The results of these measurements are 
shown in graphic form on pages 90T and290. 
All observations are tabulated in blue print form, 
pages 19 to 9#. 
It is estimated that this investigation involves 
5,OOP observations. 
DETERMINATION OF THE COEFFICIENT OF D I S C H A R G E 
OF SMALL ORIFICES 
riflce # 43 
Jominal diameter O. 
Vcjtual d i m e t e r _0. 
*un2 Total length : 
:Head :of run : 
^ .feet :seconds: 
0090" Howell 
09028-^ _ Jlctual area_0^000O44454 sq. ftf* 
Temp. .'Theoretical: q u a n t i t y " " ^ 
^ t P . ! V e l 0 C i t y ° f : T ? t a l ; 3 S i i theoretical: 
^ o e r ! " ? t e r 1 l b 0 - :ou.ft/aec :cu.ft/sec. r • it/sec : • 
: 2.10:1800 \ 
: 4.38:1440 j 
: 8.57:1200 : 
: 10.50:1200 : 
: 19.37: 720 : 
: 30.62: 720 : 
: 47.54: 720 : 
: 74.12: 720 : 
:100.98: 720 : 
:132.73: 720 : 
:165.70: 720 : 
:202.91: 600 
fc239.33: 600 : 
: 2.05: 334 : 
: 3.93: 172 : 
: 7.48: 127.2 : 
77 : 11.638 
77 : 16.804 
77 : 23.49 
77 : 26.00 
77 : 35.318 
77 : 44.406 
75 : 55.33 
75 : 69.09 





78 : 11.50 
72 : 15.918 
72 : 22.00 
; 3 6 . 0 0 ; 0 , 
: 4 1 . 7 0 : 0 , 
: 4 7 . 8 0 : 0 , 
: 52 . 5 5 : 0 , 
: 4 2 . 6 0 : 0 , 
: 5 2 . 9 0 : 0 , 
: 6 5 . 1 0 : 0 i 
: 8 1 / 6 5 : 0 . 
: 9 5 / 0 0 : 0 . 
: 1 0 3 . 8 0 : 0 . 
: 1 2 1 . 2 0 : 0 . 
: 1 1 1 . 8 5 : 0 . 
: 1 3 1 . 4 5 : 0 . 
:cu.ft. : 
: 0 . 7 6 3 1 7 : 0 . 
: 0 . 7 6 3 1 7 : 0 . 



























0 0 0 3 2 6 1 
0 0 0 4 4 3 7 























+ + ; 
4 Orifice 
>minal diameter 0.0995inches 
rtualjdiameter JD.1003 inches 
# 39 
: 1.95:1800 : 77 
: 2.05: 190.8 : 72 
; 4.03:1400 : 77 
: 4.19: 135.8 : 72 
: 8.01:1200 5 77 
I 8.415 600 : 72 
• • * 
: 11.28; 960 : 77 
: 19.23: ?20 : 77 
: 30.46: 720 : 77 
: 50.05: 600 : 75 
: 73.59: 600 : 75 
:101.04: 600 : 75 
:132.09: 600 : 75 
:165.85: 600 : 75 
:197.06: 600 :75 
:229.81: 540 : 75 
ohes Actual areaj 
: 11.206 









: 6 8 . 8 a 
: 80.66 
: 9 2 . 2 3 1 
.•103.347 
: 1 1 2 . 6 5 
: 1 2 1 . 6 5 
: 1 1 . 2 0 6 : 0 . 
: 0 . 7 6 3 1 7 : 3 . 
: » 9 . 3 5 : 0 . 
: 0 . 7 6 3 1 7 : 0 . 
: 5 7 . 6 0 : 0 . 
: 2 % . § 0 : 0 . 
: cu.ft. : 
: 5 4 . 0 0 : 0 . 
: 5 2 . 1 0 : 0 . 
: 6 5 . 2 0 : 0 . 
: 6 8 . 8 0 : 0 . 
; 8 3 . 50 2 0 . 
2 9 7 . 8 0 2 0 . 
2 I I I . 2 0 : 0 . i 
: 1 2 4 . 6 5 : 0 . ( 
2 1 3 6 . 8 0 20o( 
2 1 3 2 . 4 0 : 0 - ( 
0 ^ 0 0 0 0 5 4 8 6 7jBg> J t t « . 
0 0 0 3 1 8 4 6 2 0 . 0 0 0 6 1 4 8 4 
0 0 0 4 0 0 0 . 0 0 0 6 3 0 4 
0 0 0 5 5 0 6 2 2 0 . 0 0 0 8 8 3 9 
0 0 0 5 6 1 1 5 2 <). 0 0 0 9 1 5 7 
0 0 0 7 7 1 2 1 : 0 . 0 0 1 2 4 6 0 





































INATICN OF TH2 COEFF 
OF SMALL ORIFICES 
lorainal diameter 0.0700" 
,ctual diameter 0.07004" 
tun:Total :Length 
:Head :of run 
# :feet :seconds 
Orifice # 50 Howell, R. 
Summer 1925 
Actual_area 0.000028756 sq. ft. 
:Tempf:Theoretical I \ 
: of ;velocity of: Total 
: water: water : lbs. 
: F° : ft/sec. : 
1.95 : 443 























: 7 7 







































.antltv Discharged J 
: Unit :Theoretical: Coef 
:cu.ft/sec.:cu.ft/sec. : of 
: : : Die 
* : :charg 













































Orifice # 46 
t.0810" 












47 : 960 
50 : 960 
06 : 960 
18: 960 





































































DETERMINATION OF THE COEFFICENT OF DISCHARGE 
OF SMALL ORIFICES 
)rifice USED - Drill #55 
lominal diameter 0.0520 inches 
ictual diameter 0.0522 inches 
:Total :Length 
•Head :of run 
:feet .seconds 
: 1.84: 755.8 
: V?6 : 778.2 
. : 4.21: 550 
: 4.17: 554.6 
; 4.16: 556.6 
: 8.24:3000 
: 11.80:2160 
: 8.38: 337.9 
I 19.351B800 
0 1 30.93:1800 
1 1 56.1511800 











F° : ft/sec 
81 : 10.885 
81 : 10.646 
81 : 16.465 
81 : 16.388 
78 : 16.367 
78 : 23.044 
78 : 27.579 
80 : 23.23 
78 ! 35.305 
74 ! 44.63 
74 I 60.14 
74 1 70.806 
74 '.88.225 
75 .'90.05 





























Howell, R. S. 
Summer 1925 
^0^000014878_8£._ft. _ 
lantlty niflc^nrgfid . 
: Unit .Theoretical: Coei 
:cu.ft/sec :cu.ft /8ec. : of 
: : : Dis-






































• * • • * 
j_ . L . 1 1_ ' : 
r̂ainal Diameter 0.0595" 







































Orifice # 53 




; , 0£gp 8 
: 53.20 
I : 64.55 




































DETERMINATION OF THE COEFFICIENT CF DISCHARGE 
OF SMALL ORIFICES 
)rifice used Drill #68 
lominal diameter 0.0310 inches 
Lctual_diame_ter _0^0314 inches 
*un:Total: :Length :Temp. :Theoreti 
:Head :df run : of tvelocity 
# :feet '.seconds :water: water 
: : : F° : ft/sec 
3 . 3 4 
7 . 4 9 
I : 10.47 
: 19.53 
























:74.5 : 14.22 











































al a r ea_0.GD00053776 sq.ft 
uantlty D i s c h a r g e 
: Unit :Theoretical: Coe 
: cu/ft/sec:cu.ft/ 
- • • • * • T\T̂  ©I -
• « • U J. 
: • :c_hAr£€ 


























ominal diameter 0.0410 
c£ual_d^ameter _0^0411 
: 4.21: 5.400 :74 
; 4.27; 814.5 J74 
: 8.25: 619 : 74 




















































used Drill #60 
Actual_ar 
: 57.87 
: 0 . 8 9 2 7 5 5 
:0.092735 
:0.092735 

















0 . 6 7 5 
: 0 . 6 5 8 
: 0 . 6 4 7 
; 0 . 6 4 5 
: 0 . 6 4 1 
: 0 C 6 3 8 
: 0 . 6 3 7 
: 0 . 6 3 7 
: 0 . 6 3 6 
: 0 . 6 3 5 
: 0 . 6 3 3 
: 0 c 7 4 2 
: 0 . 7 4 5 
: 0 . 7 0 5 























: 0 . 6 7 2 
: 0 . 6 6 4 
:0.65L 
: 0 . 6 4 8 
: 0 . 6 4 6 
: 0 . 6 4 6 
: 0 c 6 4 6 
: 0 . 6 4 5 
: 0 . 6 4 4 
: 0 . 6 4 3 
: 0 . 6 4 2 

DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used Drill size 0.004* 
ual diameter 0.00419 












: water : 
: ft/sec : 
Total 
Quantity Pi sen; 
: 2.15:7611 83 : 11.786 
: 4.39:4913 83 : 16.823 
: 8.27:3315 83 : 23.077 
: 11.80:2718 83 : 27.566 
: 20.85: 202.6 83 : 36.643 
: 32.50:1650 83 : 45.75 
: 50.02:1350 80 :56.756 
: 73.11:1117 80 : 68.617 
:100.69: 961 80 : 80.526 
0 :132.35: 846.8 80 : 92.321 
1 :184.68: 765 80 : 102.982 
2 :201.89: 692.4 80 :114.025 














































DETERSK ATICN OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Howell, R. S. 
ze of orifice used # 76 July 17, 1926 
[emp^ water 74._5fF_ 
*un; Time : Head : Water; Weight :Run: Ti.ne : Head : Water: Weight 
2hr-min—cec: :column: water : :hr-rain-eec: :column: water 
# :Stop watch:018446:inches:and can j # :Stop watch:818446:inches:and can 
: #5 : j : lbs. ; : #5 : I : lbs. 
: : : ±28x36268: : : : :28x3626£ 
: 10-20-0 
! : 10-22-0 
i : 10-24-0 
: 10-26-0 





0 : 10-38-0 
1 : 10-40-0 
2 : 10-42-0 
3 : 10-44-0 
4 : 10-46-0 
5 : 10-48-0 
6 : 10-50-0 
7 : 10-52-0 
8 : 10-54-0 
9 : 10-56-0 
0 : 10-58-0 
1 : 11-0 -0 
2 : 11-02-0 
3 : 11-04-0 
4 : 11-06-0 
5 : 11-08-0 
6 : 11-10-0 
7 : 11-12-0 
8 : 11-14-0 
9 : H-16-0 
0 : 11-18-0 
1 : 1L-20-0 
2 : 1-46-0 
3 : 1-48-0 
4 : 1-50-0 
5 : 1-52-0 
3 : 1-54-0 
7 ; 1-56-0 
3 : 1-58-0 
9 . 2- 0-0 
3 : 2-02-0 
I : 2-04-0 
Z ; 2-06-0 

































2 94.0 2 
2 94.2 2 
: 94.2 : 
: 94.1 : 
2 94.0 : 
2 94.2 2 
: 94.0 2 
2 94.1 2 
: 94.fc 2 
2 94.1 2 
2 94.1 2 
2 94.1 2 
5.20 2 44 2-10-0 94.1 
:45 . 2-12-0 94.0 
:46 2-14-0 93.8 
: 4 7 2-16-0 93.8 
:48 2-18-0 94.0 
: 4 9 2-20-0 94.0 
:50 2-22-0 9 3 . 8 
:51 2-̂ 24-0 94.1 
:52 2S26-0 94.0 8.352 
:53 2-28-0 94.0 
:54 2-30-0 94.1 
2 55 2-3&-0 94.0 
2 56 2^34-0 94.0 
2 57 2-36-0 9 3 . 8 
2 58 2-38-0 94.0 
2 59 2-40-0 94.0 
2 60 2-42-0 94.0 
2 61 2 -44-0 94.0 
:62 2-46-0 94.0 9.10-
263 3-J.0-0 84.0 7 . 9 5 2 
: 6 4 3-12-0 84.2 
265 3-14-0 83 . 9 
2 66 3-16-0 84.2 
267 3-18-0 84.1 





:71 3-26-0 8 4 . 0 :72 3-28-0 83.8 
:S3 3-30-0 34.0 8 . 4 5 : 49 . 5 : 7 4 3-32-0 34.0 
5.18 :75 aa&4-o 84.0 :76 3-36-0 83.8 
: 7 7 3-38-0 84.0 
:78 3-40-0 83 . 8 
:79 3-42-0 84.0 
:80 3 - 4 4-0 84.0 
2 01 3-46-0 84 . 4 
2 82 3-48-0 84.0 
2 3 3 3-50-0 2 84.0 * * 9.70-
2 8 4 3-52-^0 84.0 
:85 3 - 5 4-0 84.0 
286 3-56-0 84 , 0 
5.18 
OF SMALL ORIFICES 
orifice used # 76 
emo. water 74.5°F 
; Time ; Head 
hr-min—see: #/o H 
;Stop watch:818446 
! #5 : 
; Water: Weight 
: column: water 
:inches:and can 
t> : lbs. 
: :28x56268 
Howell, R. S. 
_yivj^Z>J-^?^ _ 
:Run: Tine : Head : Water: Weight 
: :hr-min-eec: :column: water 
: f :Stop watch:818446:inches:and can 
: 4 #5 : : : lbs. 









































































































L 1 ^ : •11 . 
.12 : 
?3 : 
5 * : 
. 1 5 : 
3-6 : 
3.7 : 
3 L 8 ; 
5 « : 
20 : 
21 : 
.22 : 23 : 
2 4 ! : 
2 5 : 
f 6 : 7 . 
28 ; 
2 9 : 



















































: 64.0 : 
: 64.0 : 
5 6 4 . 0 ; 
: 64.1 : 
: 64.1 : 
: 64.0 : 
: 64.0 : 
: 63.9 : 
: 64.0 : 
: 64.0 | 
: 63.8 : 
I 63.6 : 
: 63.5 : 
: 63.8 : 
: 63.9 : 
: 64.0 : 
: 64.0 : 
: 63.8 : 
: 63.8 : 
: 63.8 : 
: 64;0 : 
: 64.2 ; 
; 64.2 : 
: 64.4 : 
: 64.2 : 
: 64.0 : 
: 64.1 : 
: 64.0 : 
: 63.8 : 
: 63.8 : 
: 64.0 : 
: 64.0 : 
: 63.9 : 
: 63.9 : 
: 64.0 : 
: 64.1 : 
: 54.0 : 
: 53.3 : 
: 54.1 : 











ze of orifice used # 76 
3SLP-_water_72°F 
m: Time .f Head : Water: 
:hr-min—sec; #/on :column: 
t :Stop watch:818446:inches: 
: # 5 : : -







































: 53.9 j 
: 53.9 : 
: 53.9 : 
' r 54.0 : 
: 54.0 : 
: 54.0 : 
: 54.0 : 
: 54.0 : 
: 53.9 : 
: 53.8 : 
: 53.9 : 
: 54.1 : 
: 53.9 : 
: 54.0 : 
: 54.2 : 
: 54.1 : 
: 54.0 : 
: 54.0 : 
: 53.9 : 
: 53.9 : 
: 54.0 • 
: 54.0 : 
: 54.0 : 
: 54.0 : 
: 54.0 : 
: 54.0 : 
: 54.1 : 
: 54.0 : 
: 54.0 : 
: 53.9 : 
: 53.8 : 
: 53.9 : 
: 44.0 : 
: 44.0 : 
: 44.0 : 
: 44.0 : 
: 43.9 : 
: 43.8 ; 
: 43.8 : 
: 44.0 : 
: 44.0 : 
! 44.0 : 
Weight :Run: Time ; Head : Water: Weight 
water : :hr-min-eec: #/•« :column: "water 
and can : f :Stop watch:818446:inches:and can 
lbs. : : #5 : I : i D S . 







j 84 : 
: 86 : 
. 87 : 1 88 : 
: 09 : 
:90 : 
: 91 : 
:92 : 
:93 : 
: 94 : 
:95 : 
: 96 : 
: 97 : 
:98 : 
: 99 : 
2 1002 
2 1012 











: 113 : 









































7 . 4 5 : 
0 5 
2 44.2 : 7.35: 
: 43.8 : : 
: 4 3 . 5 : : 
: 4 3 . 9 2 : 
: 44.0 : . 
: 44.1 : 
: 44.0 : : 
: 44.Q : : 
: 4 4 . 0 ; : 
2 43.8 2 2 
2 43.9 2 7 . 4 5 : 
: 43.9 : : 
: 43.9 : : 
: 44.0 : * 
: 43.9 : : 
: 43.8 : : 
: 43.9 ; ; 
2 4 4 . 4 : 2 
: 44.5 : 
2 44.2 2 2 
2 4 4 . 0 2 7 . 5 5 2 
2 4 4 . 0 2 2 ' 
2 4 4 . 0 2 2 
2 4 4 . 0 2 2 
: 43.9 : : . 
: 4 4 . 0 : : 
2 43.3 : 
: 43.8 : : 
: 43.8 : : 
: 43.8 : : 
2 43.8 ; 7.65: 
: 43.8 : 2 
2 43.3 : 2 
2 44.0 2 2 
: 44.0 : : 
2 44.0 2 7 . 7 0 2 48.38 
7 . 5 5 : 
: m July 20, 1925 
, T E R R P water 74. 5°F 
I 1 2 8-32-0 : 34.0 2 7.5 2 
• 2 : 8-&4-0 : 34.1 ; 
! 3 : S-36-0 : 34.0 \ 
5.18 
DETER:: IN AT THE COEFFI 
OF SMALL SRIF 
uly 30. 1925 
: Time— : Hfead : Water: Weight :Run 
:hr-min—eec: 4/a» :column: water: 
* :̂ >tot> w&tch: Oreft"by:inches:and can : # 
t # 5 :686317: : lbs, : 
: : :28x36263: 
CIENT 0F 












0 : 8-50-0 
1 : 8"52-0 
3 : 8 54-0 
3 : 8-56-0 
4 : 8-53-0 
5 : 9 40-0 
3 : 9-02-£> 
7 : 9-04-0 
3 : 9-06-0 
d : 9-08-0 
D : 9-10-0 
L : 9-12-0 
I : 9 -14-0 
5 : 9-16-0 
1 : 9-18-0 
5 : 9-20-0 
3 : 9-22-0 
3 : 9"24-0 
5 : 9=26-0 
) : 9-28-0 
1 : 9^30-0 
2 : 9-32-0 
5 : 9-34-0 
t : 9^36-0 
5 : 9-38-0 
5 : 9-40-0 
7 : 9-42-0 
I : 9-44-0 
} : 9-46-0 
) : 9-46-0 
• : s-50-o 
j : 9-52-0 
5 : 9-64-0 
t : 9-5G-0' 
5 : 9-58-0 
> : 10- 0-0 
t : 10-02-0 
3 : 10-04-0 
: 34.0 : 
: 3 3 . 9 : 
: 3 4 . 0 : 
: 33.8 : 
: 34 . 0 : 
: 34 . 0 : 
: 33.9 : 
: 33.8 : 
: 33.6 : 
: 33 . 5 : 
: 33 . 5 : 
: 33.9 : 
: 34.1 : 
: 3 4 . 0 : 
: 33.9 : 
: 34.0 : 
: 34.0 >. 
: 34.0 : 
: 33.9 : 
: 34.2 : 
: 34.3 : 
: 3 4 . 5 : 
: 34.6 : 
: 34.3 : 
: 34.1 : 
: 34.4 : 
: 3 4 . 4 : 
: 34.1 : 
: 33.8 : 
: 34.1 : 
: 34.1 : 
: 3 4 . 0 : 
: 34.0 : 
: 34.1 : 
: 34.1 : 
: 34.2 : 
: 3 4 . 3 : 
: 34.1 : 
: 34 .0 : 
: 3 4 . 0 : 
: 3 4 . 4 : 
: 34.2 : 
: 34.2 : 




: 4 9 : 10-06-0 : 
:50 : 10-08-0 : 
:51 : 10-10-0 : 
:52_:_12-12-0_ j_ 
jl : 7-52-0 :2 
\z : 7^54-0 • 
,3 : 7-56-0 : 
:4 : 8-58-0 : 
; 5 : 8-0-0 : 
,6 : 6-02-0 : 
•7 : 3-04-0 : 
;8 : 3-06-0 : 
;9 : 8-08-0 : 
IIO : 8-J.0-0 « 
.•11 : 6-12-0 : 
:12 : 8-14-0 : 
•13 : 8-16-0 : 
:14 : 8-18-0 : 
:15 : 8-20-0 : 
;16 : 8-22-0 : 
:17 : 8-24-0 : 
:18 : 8-26-0 : 
:19 : 8-28-0 : 
:20 : 8-30-0 : 
:21 : 8-32-0 : 
!22 : 8-34^-0 : 
:23 : 8-36-0 : 
:24 : 3-38-0 : 
:25: 8-40-* : 
:26 : 8-12-0 : 
:27 : 8-44-0 : 
:2Q : 8-4C-0 : 
:29 : 0-48-0 : 
:30 : 8-50-0 : 
:31 : 8-52-D : 
;32 : 8-54-0 : 
J33 : 8-59-0 : 
:34 : 8-58-0 : 
;35 : 9-0-0 : 
;36 : 9 - 0 2 - 0 : 
;37 : 9-04-0 : 
'38 : 9-OQW) : 
JR GE 
R. S. 
Head : ̂ V'ater: Weigh 
#/•" :column: wate 
Crosby:inches:and c 













































_ 3.05j_ _47,68_ 
July 21, 192 5 







DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES. 
Howell, R. S. 
July 27, 1925, 
. : 12 
S : 1< 
: Water: Weight :Run: Time : Head : Water: Weight 
:column: water : :hr-min-eec: :column: water 
: I N C H E 8 : a n d can : # :Stop watch :Otrosby: inches: and can 
lbs. : : #5 :686317: : lbs. 
.:_ 1.20x36268:_ _:_ w _ jfc : j.28x36268 
: 2 3. 5 
: 23.5 
: 23.2' 









































l :63 : 13-10-0 
7.80: 35.90 :64 : 12-12-0 
: :65 : 12-14-0 
: :66 : 12-16-0 
: :67 : 12-18-fc 
:68 : 12-20-0 
7.85: 43.60 :69 : 12-22-0 
: ;70 : 12-24-0 
: :71 : 12-26-0 
7.90: 48.20 :72 : 12-23-0 
7.60: 5.2 :73 : 12-30-0 
: :74 : 12-32-0 
: : 75 : 12-34-0 
























. Teflrp- wafer T4*T- ~ ~ ~ ~ - — 
• Run* Time : Head : Water: Weight 
:hr-Jfoin-sec: #/•" :column: water 
: # :3top watch:Crosby:inches: and can 
: # 5 :818446: I lbs. 
: ,t : : Fairbanks 
7.66: 23.85 : 
7.70: 33.35 
• : £ : !28x36268 
7.80: 42.70 |®2 
: . '87 
: ' : 8 8 
* 49.28*: 8^ 



















































































































































































































































; 94.4 : 
1 94.4 : 
: 94.5 ; 
: 94.0 ; 
2 93. 5 2 
2 93.8 2 
: 93.8 2 
2 94.0 2 
2 93.6 2 
2 93.8 2 
: 94.5 2 











































12-4450 :104.5 : 117.05 
Howell, R. S. 
July 28, 1925 
rifice # 68 
emp. _wat£r_72_°F • > _ 
un; Time : Head : Water: Weight :Run: Time : Head : Water: Weight 
;hr—rain—eec2 #/°" :column: water : :hr-min—sec: :column: water 
if :Stop watch:Crosby:inches: and can: # :Stop watch:GFrosby:inches; and can 
I 5 :818446: ; lbs. : : #5 :313446: : lbs. 
: ; Fairbanks: : : : : Fairbanks 
: : :28x36268: : : : 228x36268 
nvTFRMlNATION OF THE COEFFlCE 
OF SMALL ORIFICES 
DISCHARGE 
Howell, R. S 
ifice used # 80 
rap. water 72 F 
























! A • 
f1* . 
Head : Water: Weight •Run 
•column: water : 
Crosby:inches:and can : # 








































































































































































































Head i Water 
#/•*• : column 
Crosby:inches 
818446: 























































DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 76 
Temp., water 72^F_ 
Run : Time 
: hr-naiin—sec 
i Stop watch 
# : # 5 s 
Howell, R. S. 
July 22, 1925 
Manometer Reading 
Left : Right : Total 
inches mercury 
Meriam Company 




1 9 - 0-0 14.05: 13.55 • • 27.60: 6.50 
3 9-02-0 14.00: 13.50: 2S.50: 
3 9-04-+0 14.00? 13.50: 27.50: 
4 9-06-0 14.00: 13.50 i 27.50: 
5 9-08-0 13.95: 13.45 27.40: 
6 9 - 1 0 - 0 14.00: 13.50 27.50: 6.55 
7 9-18-0 14.00: l: .50 27 . 50: 
8 9-14-0 13.80: 13.35 27.15: 
9 9-16-0 13.90: 13.45 27.35: 
10 9-18-0 13.95: 13.48 27.43: 
1 1 9-20-0 14.00: 13.50 -28.50: 
12 9-22-0 14.00: 13.50 27 . 50: 
13 9-34-O 13.95: 13.46 27.41: 
14 9-26-0 13.95: 13.46 27.41: 
15 9-28-0 14.00: 13.50 27.50: 
16 9-30-0 14.00: 13.50 27.50: 6.65 
17 9-32-0 13.90: 13.40 27.30: 
18 9-34-0 14.10: 13.65 27.75: 
19 9-06-O 14.15: 13.68 27.33: 
20 9-38-0 13.75: 13.30 27.05: 
21 9—40-0 14.10: 13.60 27.70: 6.68 
2 2 9-42-0 14.30: 13.80 28.10: 
23 9—44-O 18.10: 13.60 27.70: 
24 9 - 4 S - 0 1 4 . 0 0 2 13.50 27.50: 
25 9-48-O 14.05: 13.55 27.60: : 
26 9-50-0 14.00: 13.50 27.50: 6.68 
27 9-52-0 13.90: 13*40 27.30: 28 9 - 5 4 - 0 14.05: 13.55 : 27.60: 29 9-56-0 14.05: 13.55 27.60: 
30 9-58-O 14.00: 13.50 27.50: 
31 1 0 - 0-0 14.00: 13. 50 27.50: 6.70 
32 10-02-0 14.00: 13.50 27.50: 
3 3 10-04-0 13.95: 13.46 27.41: : 
3 4 10-06-0 14.00: 13.50 27.50: 
3 5 10-08-0 14.05: 13.55 27.60: 
36 1 0 - 1 0 - 0 14.10: 13.60 27.70: 6.70 
37 10-12-0 13.95: 13.46 27.41: 
38 10*14-0 i 14.05: 13.55 27.60: 
39 10-16-0 14.05: 13. 55 27.60: 
40 1 0 - 1 8 - 0 14.05: 13.55 27.60: 
41 10-20-0 14.05s 13.55 : 27.60: 6.72 42 10-22-0 14.00: 13.50 • 27.50: 
43 10-24-0 1 4 . 0 0 : 13.50 • • 27.50: 
4 4 10-2 6-0 13.85: 13.30 : 27.15: 
DETERMINATION OF THE COEFFICI 
OF SMALL ORIFICES 
Orifice used f 76 
Temp, water 72° F 
Run : Time 
n S nr—*nin—sec. 













































Manometer Reading : Water s Weight water 
Left , Right : Total .'column $• and can 
inches mercury .inches : lbs, 
Meriam Company | • 28x36268 
— ^ Cleveland, Ohio : • 
O TV 0 -5,00-: 
14.10: 13.60 : 27.70: 
14.20: 13.70 : 27.90: 6.75 . 14.20: 13.70 : 27.90: 
14.10: 13.30 : 27.70; 
14.10: 13.60 : 27.70: 
14.05: 13.55 : 27.60: 
14.05: 13.55 : 27.60: 
14.10; 13.60 : 27.70: 
14.10: 13.60 : 27.70: 
14.10: 13.60 : 27.70: 
14.05; 13.55 : 27.60: 
14.10: 13.60 : 27.70: 
14.10: 13.60 : 27.70: 
14.10: 13.60 : 27.70: 
14.10: 13.80 : 27.70: 
14.10: 13.60 : 27.70: 
14.00: 13.50 : 27.50: 
9.00; 8.80 : 17.30: 


























8,70 : 17.60: 
8.70 : 17.60: 
8,70 : 17.60: 
8.75 : 17.70: 
8.80 : 17.80: 
8.30 : 17.30: 
8.80 : 17.80: 
8.70 : 17.60: 
8.65 : 17.50: 













8.75 : IB.70: 
8.80 : 17.80: 
8.80 : 17.30: 
8.85 : 17.90: 
8.80 : 17.80: 
8.85 : 17.90: 
8.85 : 17.90: 








6. 55 : 
6.55 : 
DETERMINATION OF THE 00EFFICIENT OF DISCHARGE 
OF SHALL ORIFICES 
rifice used # 76 
Temp... wa.ter 72_°F 
Run ; Time 
: hr-min—eec 
: Stop watch 










































































































































8^80 : 17.80 
8.80 : 17.80 
8.85 : 17.90 
0,85 : 17.90 
8^80 : 17.30 
8*80 : 17.: 0 
8.80 : 17.80 
8.80 : 17.80 
8.80 : 17.30; 
8.80 : 17.80: 
8.80 : 12.80; 
8.80 : 17.80 
8.80 : 17.80: 
8.70 s 17.60! 
8.60 
8.60 
Howell, R. S. 
July 22, 192 5 
Water : height water 
column | and can 
inches : lbs. 
: 28x36268 




8.90 : 18.00 
8.95 : 18.10 
8.85 : 17.90; 
8.85 : 17.90 
8.80 : 17.80 
8.75 : 17.70; 
8.80 : 17.30; 
8.80 : 17.30; 
8.80 : 17.80; 
6.80 : 17.80! 
8.75 : 17.70; 
8.75 : 17.70; 
8.75 : 17.70: 
8.78 : 17.76; 
8.80 : 17.30; 
8.80 : 17.80; 
8.75 : 17.70; 
8.75 : 17.70: 
8.85 : 17.70: 
8.85 : 17.70: 
8.82 : 17.84: 
8.82 : 17.84; 
8.80 : 17.30: 












8.80 : 17.80 
8.80 : 17.80 

THE COEFFICL 






































.ce used # 76 




£ 5 _ _ 














































: Manometer Reading ; 
: Left : Right : Total: 
: inches mercury 
: Meriam Company : 
CI eyelanfi, j M j J j J _ : 
: 4.53* 4.46 : 8.99: 
* 4.53: 4.46 : 8.99: 
: 4.59: 4.52 : 9.11: 
: 4.32: 4.65 : 9.37: 
: 4.62: 4.55 : 9.17: 
I 4.57: 4.50 : 9.07: 
: 4.60: 4.52 : 9.12: 
4.60: 4.52 : 9.12: 
4.70: 4.62 : 9.32-
4.60: 4.52 : 9.12: 
4.60: 4.51 : 9.11: 
4.60: 4.51 : 9.11: 
4.63: 4.55 : 9.18: 
4.63: 4.55 : 9.18: 
4.76: 4.68 : 9.44: 
4.66: 4.58 : 9.24: 
4;S0: 4.42 : 8.92: 
4.50: 4.42 : 8.92: 
4.50: 4.41 : 8.91: 
4.50: 4.41 : 8.91: 
4.58: 4.49 : 9.07: 
4.58: 4.49 : 9.07: 
4.58: 4.49 : 9.07: 
4.59: 4.50 : 9.09: 
4.46: 4.56 : 9.20: 
4.74: 4.66 : 9.40: 
4.62: 4.54 : 9.16: 
4.78: 4.70 : 9.48: 
4.75: 4.67 : 9.42: 
4.76: 4.68 : 9.44: 
4.76: 4.68 : 9.44: 
4.75: 4.67 : 9.44: 
4.70: 4.62 : 9.32: 
4.60: 4.52 : 9.12: 
4.59: 4.51 : 9.10: 
4.62: 4.54 : 9.16: 
4.60: 4.52 : 9.12: 
4.60: 4.52 : 9.12: 
4.60: 4.52 : 9.12: 
4.55: 4.47 : 0.02: 
4.51: 4.43 : 8.94: 
4.58: 4.502 9.08: 
4.59: 4.51 : 9.10: 
4.70: 4.72 : 9.42: 
4.71: 4.73 : 9.44: 
4.61: 4.63 : 9.34: 
Howell, R. S. 
July 22, 1925 
Water : Weight water 
column : and can 










'ERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 76 
Tenrp. water 73°F 
Run : Time Manometer Reading : 
* ;>- : Left i Right : Total 2 D 2 hr-min—sec Inches mercury : Stoo watch Meriam Company 2 
JL - . 1 - 5 —•« - ^levelagd^ 
1.85? 1.81 
— 
EH 9- 0-0 3.66: 2 9-02-0 1.852 1.81 O O WW m 
3 9-04-0 1.842 1.30 
4 9-0G-0 1.82* 1.78 3.60: 
5 9-O8-0 I.8O2 1.76 3.562 
6 9-10-0 1.80; 1.76 3.562 
7 9-12-0 I.8O2 1.76 3.56: 
00
 9-14-0 I.8O2 1.76 3.562 
9 9-16-0 I.8O2 1.76 3.562 
10 9-18-0 1.80: 1.76 2 3.56 2 
11 9—20—0 1.792 1.75 3.54 2 
12 9-22-0 1.79: 1.75 3.54: 
13 9-4? 4-0 1.792 1.75 3.54 2 
14 9-26-0 1.78: 1.74 3.52: 
15 1.782 1.74 3.522 
16 9-30-0 1.782 1.74 3.52: 
17 9-33-0 1.782 1.74 3.522 
18 9-34—0 1.78« 1.74 3.52: 
19 9-36-0 1.782 1.74 3.52: 
20 9-33-0 1.782 1.74 3.52: 
21 9-40-0 1.782 1.74 3.52: 
22 9-42-0 1.782 1.74 2 3.52 2 
23 9-44-0 1.782 1.74 3.52: 
25 9-46-0 1.782 1.74 3.52 2 
25 9-48-0 1.78; 1.74 3.52; 
26 9-50-0 1.73; 1.74 3.52: 
27 9-52-0 1.782 1.74 3.52: 
28 9—54-0 i 1.78 : 1.74 3.52: 29 9-56-0 1.782 1.74 3.52: 
30 9-58-0 1.772 1.73 3.50: 
31 
3.0- 0-0 1.762 1.72 3.43; 32 10-02-0 1.742 1.70 3.44: 
33 10-04-0 1.74: 1.70 3.44: 
34 10-06-0 1.742 1.70 3.44: 
35 10-03-0 1.742 1.70 3.44: 
36 10-10-0 1.74 2 1,70 3.44: 
37 10-12-0 1.75: 1.71 3.46: 
38 10-14-0 1.78: 1.74 3.52: 
39 10-16-0 1.79: 1.75 3.54: 
40 10-18-0 1.79: 1.75 3.54: 
41 10-20-0 1.79: 1.75 3.54: 
42 10-23-0 1.79: 1.75 3.54: 
43 10~2 4-0 1.79: 1.75 2 3.54: 
10-26-0 1.79: 1.75 3.54; 
Howell, 
July 23, 1925 
5.00" 






DETERMINATION OF THE EOEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used f 76 
Temp^. jrater 73^F_ 
Run • Time 
Hr-min—sec 
Stop watch 












































! 11-54 -0 
: 11-56-0 
Howell, R. S. 


































































































































































































DETERMINATION OF THE COEFFICIEN 
OF SMALL ORIFICES 
oed # 76 
Temp. Water 73°F 
. July_23, _192 5 
Run ; Time J 
: hr—min—Geo 













Manometer Reading : Water 
Left : Right : Total: column 
inches mercury : inches 
Meriam Company : 
Cleveland, Ohio : 
- o a — o -5*. oo-
















Orifice used # 68 
• 6.90 : 
July 24, 192 5 
Temp water 74. 5°F _ -£Hbf£. 
1 : 1-04-0 0.35: 3.35 3.00: 
2 1-08-0 0.35: 3.35 3.00: 
3 1-12-0 0.35: 3.45 3.10: 
4 1-16-0 0.35: 3.47 3.12: 
5 1-20-0 0.35: 3.43 3.08: 
6 l-24-O 0.35: 3.41 3.06: 
7 1-28-0 0.35: 3 . 39 3.04: 
8 1-32-0 0.35: 3.35 • 
9 1-36-0 0.35: 3.30: 2.95: 
10 1-40-0 0.35: 3.39 3.04: 
11 1-44-0 0.35: 3.43 3.08: 
12 l_^8-0 0.35: 3.44 3.09: 
13 : 1-52-0 0.35: 3.43 3.08: 
14 1-56-0 0.35: 3.42 2.07: 
15 2- 0-0 0.35: 3.38 3.03: 
16 2-04-4) 0.35: 3.36 3.01: 
17 2-08-0 0.35: 3.50 3.15: 
18 2-12-0 0.35: 3.55 3.20: 
19 2-16-0 0.35: 3.56 • 3.21: 
20 3*20-0 0.35: 3.55 3.20: 
21 2-24-0 0.35: 3.54 3.19: 
22 2-28-0 0.35: 3.53 3.18: 
23 2-32-0 0.35: 3.52 3.17: 
24 2-36-0 0.35: 3.50 3.15: 
25 2-40-0 0.35: 3.48 3.13: 
26 2-44-0 0.35: 3.46 • 3.11: 
27 : 2-48-0 0.35: 3.46 « 3.11: 
28 • 2-52-0 0.35: 3.45 3.10: 
29 
30 
• 2-56-0 0.35: 3.44 • 3.09: 
3-0 -0 0.35: 3.43 • 3.08: 
E l i 3-04-0 0.35: 3.42 3.07: i 3-08-0 0.35: 3.40 3.05: 
__m 1 3-1&-0 0.35: 3.38 • 3.03: 
23.85 
7.38 : 33.30 
1 : 8-26-0 
2 : S-2&-0 
3 : 8-30-0 
& : 8-32-0 
5 : 8-34-fc 
6 l 8-36-0 
7 : 8-33-0 
8 : 8-40-0 
9 : 8-42-0 
10 : 8-44-0 
11 : 8-46-0 
12 : 8—ia-0 
13 : 8-50-0 
14 : 3-52-0 
15 J i 8—54-0 
16 : 8-56-0 
17 : 8-58-0 
18 : 9-0-0 
19 : 9-02-0 
20 : 9-04-0 
21 : 9-06-0 
22 : 9-08-0 
23 : 9-10-0 
24 : 9-12-0 
25 : 9-14-0 
26 : 9-16-0 
27 : 9-18-0 
: 4.59: 4.51 : 
: 4.59: 4.51 : 
; 4.60: 4.52 : 
: 4 . 6 1 : 4.53 : 
: 4 . 61 : 4.53 : 
: 4 .61: 4.53 : 
: 4.60: 4.52 : 
: 4.60: 4 .52 : 
t 4 .58: 4.50 : 
: 4 . 5 1 : 4.43 : 
:. 4 . 5 1 : 4.43 : 
: 4 . 5 1 : 4.43 : 
: 4 . 5 1 : 4.43 : 
: 4 . 5 1 : 4.43 : 
: 4.50 : 4.42 : 
: 4.49: 4 .41 : 
: 4.50 : 4.42 : 
: 4 .59: 4 .51 : 
: 4.68: 4.60 : 
: 4.70: 4.63 : 
: a .70: 4.62 : 
: 4 . 7 1 : 4.63 : 
: 4 . 7 1 : 4.63 : 
: 4 . 72 : 4.64 : 
: 4 . 7 1 : 4.63 : 
: 4 . 7 1 : 4 .63 : 
: 4.70: 4.62 : 
3 8 
D E T E R M I N A T I O N O F T H E C O E F F I C I E N T O F D I S C H A R G E 
O F S M A L L O R I F I C E S 
O R I F I C E U S E D # 6 8 
T E M P ^ W A T E R _ 7 Z. 5 ° F 
R U N J F I M E : 
A 2 
# 2 H R - R A I N — S E C : 
: S T O P W A T C H : 
_ _ I _ T 
2 8 : 9 ^ 3 0 - 0 2 
2 9 ; 9 - 2 2 - 0 : 
3 0 2 9 - 2 4 - 0 : 
3 1 : 9 - 2 6 - 0 
3 2 : 9 - 2 8 - 0 2 
3 3 2 9 - 3 0 - 0 2 
3 4 2 9 - 3 2 - 0 2 
3 5 2 9 - 3 4 - 0 2 
3 6 2 9 - 3 6 - 0 
3 7 2 9 - 3 8 - 0 
3 8 2 9 - 4 0 - 0 2 
3 9 2 9 - 4 2 - 0 2 
4 0 : 9 - 4 4 - 0 2 
4 1 2 9 - 4 6 - 0 ' 2 
4 2 : 9 - 4 8 - 0 2 
4 3 2 9 - 5 0 - 0 : 
4 4 2 9 - 5 2 - 0 2 
4 5 : 9 - 5 4 - 0 
4 6 2 9 - 5 6 - 0 2 
4 7 2 9 - 5 8 — 0 : 
4 8 2 1 0 - 0 - 0 2 
4 9 : 1 0 - 0 2 - 0 2 
5 0 2 1 0 - 0 4 - 0 2 
5 1 1 0 - 0 6 - 0 2 
5 2 2 1 0 - 0 8 - 0 : 
5 3 2 1 0 - 1 0 - 0 2 
5 4 : 1 0 - 1 2 - 0 2 
5 5 1 1 0 - 1 4 - 0 2 
5 6 ; • 1 0 - 1 6 - 0 • 
5 7 2 1 0 - 1 8 - 0 2 
5 9 : 1 0 - 2 0 - 0 2 
5 9 : 1 0 - 2 2 - 0 2 
3 0 2 1 0 - 8 4 - 0 
3 1 t' 1 0 - 2 6 - 0 2 
3 2 | . 1 0 - 4 6 - 0 2 
3 3 % 1 0 - 4 8 - 0 2 
5 4 2 1 0 - 5 0 - 0 : 
3 5 2 1 0 - 5 2 - 0 2 
3 6 2 1 0 - 5 4 - 0 
3 7 : 1 0 - 5 6 - 0 • 
5 8 2 1 0 - 5 8 - 0 
3 9 2 ID— 0 - 0 2 
fO 2 1 1 - 0 2 - 0 
n 2 i i - 0 4 - O 
H O W E 
J U L Y 2 5 , 1 9 2 5 
M A N O M E T E R R E A D I N G 2 W A T E R 2 Ieight wate: 
L E F T 2 R I G H T 2 T O T A L 2 C O L U M N ; and C A N 
I N C H E S M E R C U R Y 2 I N C H E S 2 L B S . 
M E R I A M C O M P A N Y 2 2 2 8 X 3 6 2 6 8 
C L E V E L A N D , O H I O * 
0 A — O - — 5 . 0 0 -
4 . 7 0 2 
4 . 7 0 2 
4 . 7 0 : 
4 . 7 0 : 
4 . 7 0 : 
4 . 6 9 : 
4 . 6 9 : 
4 . 6 9 : 
4 . 6 9 : 
4 . 6 8 ? 
4 . 6 8 : 
4 . 6 8 : 
4 . 6 8 : 
4 . 6 8 : 
4 . 6 5 : 
4 . 6 4 : 
4 . 6 3 : 
4 . 6 1 : 
4 . 6 0 : 
4 . 6 0 : 
4 . 6 0 : 
4 . 5 9 : 
4 . 5 9 : 
4 . 5 9 : 
4 . 5 9 : 
4 . 5 8 : 
4 . 5 6 : 
4 . 5 5 : 
4 . 5 4 : 
4 . 5 4 : 
4 . 5 4 : 
4 . 5 4 : 
4 . 5 4 : 
4 . 5 3 : 
8 . 7 2 : 
8 . 7 2 : 
8 . 7 2 : 
8 . 7 2 : 
8 . 7 2 : 
8 . 7 1 : 
8 . 7 1 : 
8 . 7 1 : 
8 . 7 0 : 
8 . 7 0 : 
4 . 6 2 : 
4 . 6 2 : 
4 . 6 2 : 
4 . 6 2 : 
4 . 6 2 : 
4 . 6 1 : 9 . 3 0 -
4 . 6 1 : 9 . 3 0 : 
4 . 6 1 : 9 . 3 0 : 
4 . 6 1 : 9 . 3 0 ; 
4 . 6 0 : 9.28° 
4 . 6 0 : 9.23. 
4 . 6 0 : 9 . 2 8 : 
4 . 6 0 : 9 O 2 S : 
4 . 6 0 : 9.28: 
4 . 5 7 2 9.222 
4 . 5 6 2 9 . 2 0 2 
4 . 5 5 2 9 . 1 8 2 
4 . 5 3 2 9 . 1 4 2 
4 . 5 2 2 9 . 1 2 2 
4 . 5 2 2 9 . 1 2 : 
4 . 5 2 : 9 . 1 2 : 
4 . 5 1 : 9 . 1 0 : 
4 . 5 1 : 9 . 1 0 : 
4 . 5 1 : 9 . 1 0 : 
4 . 5 1 : 9 . 1 0 : 
4 . 5 0 : 9 . 0 8 : 
4 . 4 8 : 9 . 0 4 : 
4 . 4 7 : 9 . 0 2 : 
4 . 4 6 : 9 . 0 0 : 
4 . 4 6 : 9 . 0 0 : 
4 . 4 6 : 9 . 0 0 : 
4 . 4 6 : 9 . 0 0 : 
4 . 4 6 : 9 . 0 0 : 
4 . 4 5 - : 3 . 9 8 : 
8 . 5 2 T F M £ ? . ? ^ E R 
8 . 5 3 : 1 7 . 2 4 : 
3 . 5 2 : 1 7 . 3 4 : 
8 . 5 2 : 1 7 . 2 4 : 
8 . 5 2 : 1 7 . 2 4 : 
9 . 3 2 : 
9 . 3 2 : 
9 . 3 2 : 
Q 7 . 6 . • * • 
9 . 3 2 : 
8 . 5 2 T f m 
.  
. 5 2 
 
8 . 5 1 
8 . 5 1 
8 . 5 1 
8 . 5 0 
1 7 . 2 2 : 
1 7 . 2 2 : 
1 7 . 2 2 : 
1 7 . 2 0 : 
G.40 
6 . 4 0 3 3 . 9 5 
6 . 4 0 4 1 . 1 5 
4 8 . 4 0 
5 . 2 0 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF IKALL ORIFICES 
Orifice used f 68 
Temp, water 75°F 













































































\ Uanometer Reading ; 
: Left 2 Right ; Total; 
% inches mercury ; 
V-| Meriam Company 
-:- gCLeiLeLanii^ flhig ; 
i 8.70: 8.50 : 17.20; 
: 8.70: 8.50 : 12.20; 
: 8.70 : 8.50 : 17.20; 
t 8.69 : 8.49 : 17.18; 
: 8.69 : 8 . 49 : 17.13; 
t 3.68: 8.48 : 17.16; 
: 8.67: 8.47 : 17.14; 
t 8.66: 8.46 : 17.12; 
Orifice used # 68 
Temp., water. 73_̂ F_ 
1 : 0^20-0 
2 : 8-22-0 
3 : 8-24-0 
4 : 8-26-0 












































8.42 : 17.04 
8.42 : 17.04 
8.42 : 17.04 
8.42 : 17.04 
8.42 : 17.04 
8.42 : 17.04 
8.42 : 17.04 
8.42 : 17.04 
8.43 : 17.06 
8.44 : 17.08 
8.45 : 17.10 
8.45 : 17.10 
8.64* 8.44 : 17.08 
8.45 : 17.10 
17.10 
17.10 
8.45 : 17.10 
6.45 : 17.10 
8.45 : 17.10 
8.45 : 17.10 
8.41 : 17.08 





Howell, R. S. 
July 2 5, 192 5 
Water : Weight water 
column : and can 




6.8 : 14.80 
I 
6.80 : 24.40 
6.75 : 34.05 
6.75 : 43.65 
:: 6.75 : 
July 27, 1925 
; 14.00: 13.50 : 27.50: 
: 14.00: 13.50 : 27.50: 
: 13.91:, 13.41 : 27.32: 
: 14.01: 13.51 : 27.52: 










DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
rifice used § 76 
JTerap̂  waiter 77^F_ 
Run : Time 
Howell, R. S. 
August 5, 1925 














































Manometer Reading : 
Left : Right : Biff.; 
feet of water & 




































































8.22 : 7 
; 8.22 : 7 
: 8.22 : 7 
8.22 : 7 




8.70: 8.50 :I? 
8.75: 3.55 : 17 
8.55: 8.35 : 16 
8.62: 8.42 : 17 
8.82: 8.62 : 17 
8.93: 8.75 : 17 
8.82: 8.62 : 17 












































8.40 : 17.00: 
8.43 : 17.06: 
8.46 : 17.12: 











EXTERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used f 76 
T emp^ water 77_^F_ 
Run |: Time 
# : hr—min—eec 
: Stop watch 
„ 1 J J 5 
50 : 3-24-0 
51 : 3-38-0 
52 : 3-32-0 
53 § 3-36-0 
54 : 3-40-0 
55 | 3—44-0 
56 t 3—18-0 
57 : 3-62-0 , 
58 : 3—56-0 
59 4- 0-0 
30 j 4-04-0 
31 : 4-08-0 
32 : 4r-12-0 
33 : 4-16-0 
64 : 4-20-0 
65 : 4-54-0 
66 : 4-28-0 
67 : 4-32-0 
68 : 4-36-0 
69 : 4-40-0 
70 : 4—14-0 
71 : 4-48-0 
72 : 4r-52-0 
JL _ _4=5&-Q. 
Howell, R. s . 
August 5, 1925 
Manometer Reading \ 
Left : Right : Total 
inches mercury 
Meriezn Oompany ; 

















































































8.00 : 21.8 
8.00 : 37.90 
- - 8 x . o o j . _ 
Orifice used # 60 

































4.47 : 4.13; 





















DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 60 
Temp, water 7AmT 
Run i Time 
# : hr-min—sec 
: Stop watch 
Howell, R. S. 
August 6, 1925 
Manometer Reading : Water 
Left : Right : Diff.: column 
feet of water : inches 
water column : 
16 8-54-0 : 0.35: 4.27 3.92: 7.7 : 
17 8-56-0 : 0.35: 4.30 3.95: 
18 8-53-0 : 0.35: 4.35 4.00: 6.3 19 9-2 O-O : 0.35: 4.48 4.13: 
20 9-52-0 : 0.35: 4.45 4.10: 
21 9-24-0 : 0.35: 4.43 4.08: 
22 9-25-0 : 0.35: 4.41 4.06: 
23 9-28-0 : 0.35: 4.33 4.03: 
24 9-30-0 : 0.35: 4.35 4.00: 
25 9-32-0 : 0.35: 4.38 4.03: 
26 9-34-O : 0.35: 4.40 4.05: 
27 9-36-0 : 0.35: 4.40 a.05: 28 9-38-0 : 0.35: 4.38 4.03: 
29 9-40-0 : 0.35: 4.37 4.02: 
30 9-42-0 : 0.35: 4.35 4.00: 
31 9-44-0 : 0.35: 4.38 4.03: 
32 9-46-0 : 0.35: 4.41 4.06: 
33 9-48-0 : 0.35: 4.42 4.07: 
34 9-60-0 : 0.35: 4.41 4.06: 
35 9-52-0 : 0.35: 4.40 4.05: 
36 9-54^0 : 0.35: 4.38 4.03: 
37 9-56-0 : 0.35: 4.36 4.01: 
38 9-58-0 : 0.35: 4.35 4.00: 
39 10- 0-0 : 0.35: 4.37 4.02: 
40 10-02-0 : 0.35: 4.38 4.03: 
41 10-04-0 : 0.35: 4.38 4.03: 
42 10-06-0 : 0.35: 4.37 4.02: 
43 10-08-0 : 0.35: 4.36 4.01: 
44 io - i :-o : 0.35: 4.37 4.02: 45 10-13-0 : 0.35: 4.39 4.04: 
46 10-14-0 : 0.35: 4.39 4.04: 
47 10-16-0 : 0.35: 4.39 4.04: 6.30 48 5 10-17-0 : 0.35: 4.39 4.04: 
; Weight water 
2 and can 
: lbs. 
: Fairbanks 




49 : 10-3&-0 : 0.35: 4.43 : 4.13: 6.7 : 
50 : 10-32-0 : 0.35: 4.48 : 4.13: 
51 : 10-34-0 : 0.35: 4.48 : 4.13: 
52 t " 10-36-0 : 0.3 5: 4.48 : 4.13; 
53 : 10-38-0 : 0.35: 4.48 : 4.13: 
54 : 10-40-0 : 0.35: 4.48 : 4.13: 
55 t 10-42-0 : 0.35: 4.48 : 4.13: 6.7 56 : 10-43-3 4.5 : 0.35: 4.48 : 4.13: 
57 : 10-50-0 : 0.35: 4.48: 4.13: 6.7 : 








DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 60 
2emp._ water 74̂ F__ 
Run 2 Time : 
- 5 « # . hr-min—eec . 
: 3top watch : 
Howell, R. S. 
August 6, 192 5 
Manometer Reading : 
Left : Right 2 Diff.: 
feet of water 2 











































































































































: 8 . 1 1 : 
* 8 . 1 1 : 
: 8 d i : 
: 8 . 1 1 : 
: 8 . 1 1 : 
: 8 . 1 1 : 
: 8 . 1 1 : 
: 8 . 1 1 : 
: 8 . 1 1 : 
8 . 1 1 : 
2 8 . 1 1 2 


























DETERMINATION OF THE COEFFICIENT 0 
OF SMALL ORIFICES 
used # 60 
Temp., water 74fF_ 
Run 2 Time 
hr—rain—sec 
Stop watch 




Howell, R. S. 
August 6, 1925 















































































T Manometer Reading ; Water 
2 Left : Right 2 Total; column 
2 inches mercury ; inches 
2 Meriam company 
_Cl e_veland, _0hip_ _; 
2 9.12: 8.92 : 18.04: 
2 9.11: 8.91 : 18.02: 
j 9.11: 6.91 : 18.02: 8.2 
: 9.11: 
: 9.11: 
: Head : 
2 # / ° « : 
: Crosby2 
:686317: 
: 23.9 : 
2 23.8 2 
: 24.0 2 
: 24.0 : 
: 23.9 ; 
2 23.8 2 
: 23.8 i 
2 23.9 2 
: 23.9 : 
2 23.8 2 
: 24.0 2 
2 24*0 2 
2 23.9 2 
: 23.8 2 
2 23.9 2 
2 9.16: 
: 9.17: 























8.96 : 18.12: 
8.97 I 18.14: 
8.95: 18.10: 
8.95 : 18.10* 
8.93 : 18.06: 
3.91 : 18.02: 
8.92 : 18.04: 
8.91 : 18.02 : 
8.90 : 18.002 





8.91 ; 13.02: 


































8.95 : 13.10: 
8.95 : 18.06; 144 : 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
rifice used # 60 
Temp, water 74°F 
Run • • Time Manometer Reading : Water • • • • Left : Right • • Total: column • 
# • • hr—min—sec inches of mercury: inches • • • • Stop watch Meriam Company % • • 
• - _#_5 deY.eLan.aV £ M o :_ • 
145 • • 1-^6-0 9.11: 3.91 18.02: 7.2 • • 
146 2- 0-0 13.48; 13.00 26.48: 7.45 • • 
147 2-02-0 13.48; 13.00 26.48; • • 
148 2-O4-0 13.58; 13.10 26.63; • • 
149 2-06-0 13.54: 13.06 26.60: * 
150 2-08-0 13.53: 13.05 26.58: * » 
151 2-10-0 13.49: 13.01 26.50: * 
152 2-12-0 13.48; 13.00 26.48 ; • 
s 153 2^14-0 13.48; 13.00 26.48; : 154 2*16-0 J. O . ,r<J i 13.00 26.48: • . -155 2-18-0 13.48; 13.00 26.48• : 156 2-20-0 13. 56: 13.08 • j5 i o 4; : 157 2-22-0 13.54: 13.06 26.60; • • 
158 2-24-0 13.51: 13.03 26.54: • • 
159 2-26-0 13.AS: 13.00 26.48; • • 160 2-28-0 13.58; 15.10 26.68; • 
161 2-30-0 13.58: 13.10 : 26 68 • 4 9 162 2-32-0 13.54: 13.06 26.60 * • 
163 2-34-0 13.50: 13.02 26.52: • • 
164 2-36-0 13.66: 13.18 26.84: • • 
165 2-38-0 13.63; 13.20 26.88: • 
166 2-^0-0 13.66: 13.18 26.84; 7.45 • 
• 
Howell, R. S. 








Orifice used # 55 
Terap^ at er 78^F 
1 : 8-06-0 : 8.55: 8.35 : 16.90; 
2 : 8-07-0 : 8.45: 8.25 : 16.70; 
3 : &-08-O : 8.38: 8.18 ; 16.56: 
4 : 8-09-0 : 8.45: 8.25 : 16.70: 
5 : 8-10-0 : 9.58: 8.38 : 16.69: 
6 : 9-11-0 : 3.62: 8.42 : 17.04: 
7 : 8-12-0 : 3.58; 8.38 : 16.96: 
8 : 8-13-0 : 8 . 58 : 3.38 : 16.96: 
9 : 8-14-0 : 8.56: 8.36 : 16.92: 
10 : 8-15-0 : 8.54: 8.34 : 16.88; 
11 : 3-16-0 : 8.55: 8.35 : 16.90: 
12 : 8-17-0 : 8.52: 8.32 : 16.84: 
13 ? 8-18-0 : 8.55: 8.35 : 16.90: 
14 ; 8-19-0 : 8.62; 8.42 : 17.04: 
15 : 8-20-0 : 8.65: 8.45 : 17.10: 
16 : 8-21-0 : 8.60: 8.40 : 17.00: 
17 : 8-B2-0 : 8.55: 8.35 : 16.90: 
18 : 8-23-0 : 8.63; 8.43 : 17.06: 
19 : 8-24-0 i 8.75: 8.55 : 17.30: 
20 : 8-25-0 : 8.30: 8.60 ::17.«0: 
* 9 1 _45.62 
Augu3t 10, 1925 
6.70 ; 5.20 
24.00 
1 ACTION OF THE COEFFICIENT OF DISCHARGE OF SMALL ORIFICES 
Orifice used # 55 
TemPi. water 78_̂ F_ 
Run : Time 
; hr—min—sec 
: Stop watch 
i JL - J L . 5 
8-26-0 
82 t\ 8-27-0 
23 : 8-28-0 
24 ; 8-29-0 
2 5 : 8-30-0 
26 : 8-31-0 
27 : 8-32-0 
28 : 8-33-0 
29 ; 8-34-0 
30 : 8-35-0 
31 : 8-36-0 
32 2 8-46-0 
33 : 8 - 4 7 - 0 
34 : 8-48-0 
3 5 : 8-49-0 
36 2 8—50-0 
57 : 8-51-0 
38 : 8-52-0 
59 : 8-53-0 
10 : 8-64-0 
11 : 8-55-0 
t2 : 8-56-0 
13 : 8 - 5 7 - 0 
1-4 $ 8-58-0 
15 : 8 - 5 9 - 0 
1:6 : 9-0-0 
T 7 : 8-01-0 
t8 : 9-02-0 
>9 : 9-03-0 
10 ; 9-04-0 
Jl 2 9-05-0 
£ : 9-06-0 
3 : 9-07-0 
4 2 9-08-0 
1 5 : 9-09-0 
6 2 9-10-0 
7 2 9-11-0 
8 : 9-12-0 
9 2 8-13-0 
0 : 9-14-0 
L 2 9-15-0 
2 2 9-16-0 
3 : 9-17-0 
4 : 9-18-0 
5 2 9-19-0 
5 2 9-20-0 
Howell, R. S. 
August 10, 1925 
i Manometer Reading 2 Water 
; Left 2 Right 2 Total 2 column 
inches of mercury; inches 
: Meriam Company i 
l Cleve^ D I N U ^ Chip_ £ 
: 8 . 7 9 2 8.59 : 17.33; 
l- 8.76: 8.56 : 13.32: 




































































































































6.40 : 42.75 
6.40 23.00 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
used # 55 
em p. uater 78°F 
Howell, R. S. 
Auguet 10, 192 5 






69 9-4,0-0 0.32: 8.41 : 70 9-41-0 0.32: 8.38 : 
71 9-43-0 0.32: 8.38 : 
72 9—43—̂ 3 0.32: 8.39 : 73 8-44-0 0.32: 8.38 : 
74 8-45-0 0.32 : 8.38 : 75 8-46-0 0.32: 8.38 : 
76 8-^7-0 0.32: 8.37 : 77 8-48-0 0.32: 8.38 : 
78 8-49-0 0.32: 8.38 : 
89 9—50-0 0.32: 8.39 : 80 9-51-0 0.32: 8.39 : 
81 9-52-0 0.32: 8.33 : 
82 9—53-0 0.32: 8.38 : 
83 9-54-0 0.32: 9.35 : 
84 9—55-0 0.32: 8.35 : 
85 9-56-0 0.32: 8,45 : 86 9-57-0 0.32: 8.51 : 
87 9-58-0 0.32: 8.53 : 
88 9-59-0 0.32: 8.54 : 
89 10- 0-0 0.32: 8.52 : 
90 10-01-0 0.32: 8.50 : 
91 10-02-0 0.32: 3.47 : 
93 10-03-0 0.32: 8.43 : 
93 10-04-0 0.32: 8.41 : 
94 10-05-0 0. 32: 8.41 : 
95 10-06-0 0.33: 8.43 : 
96 10-07-0 0.32: 8.47 : 
97 10-4)8-0 0.32: 3.49 : 
98 10-09-0 0.32: 8.50 : 99 10-10-0 0.32: 8.50 : 100 10-11-0 0.32: S.49 : 101 10-12-0 Q.32: 3.48 : 
103 10-13-0 0.32: 3.46 : 103 10-14-0 0.32: 8.43 : 
104 10-15-0 0.32: 8.40 : 
105 10-16-0 0.32: 8.35 : 106 10-17-0 0.32: 8.33 : 
107 10-18-0 0.33: 8.34 : 
108 10-19-0 0.32: 8.36 : 
109 10~2 0-0 0.32: 8.37 : 
110: 10-21-0 0.32: 8.38 : 
Manometer Reading : 
Left : Right : Total: 
inches of mercury : 
U e r 1 am Com apny : 
, _Qley_el and, _0hio_ _ j_ 
5.14: 5.06 : 10.20: 
5.14: 5.06 : 10.20: 
feet of water : 
water column : 



























2 3 8.11: 
8.15: 


























6.90 : 30.35 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
m i c e used # 55 
Temp._ water ?8*f_ 





Left : Right : Bif: 
feet of water 
water column 
Howell, R. S. 
August 10, 1925 
Water • Weight water 
column : and can 
inches : lbs. 
: Fairbanks 
I 28x36268 
111 10-S2-0 0.32: 8.38 8.06: 
112 10-23-0 0.32: 8.38 8.06: 
113 10-24-0 0.32: 8.36 \\ 8.04: 
114 10-T 5-0 0.32: 8.34 8.02: 
115 10-;; 6-0 0.32: 3.32 8.00: 
116 1CH37-0 .. 0.32: 8.33 0.01: 
117 10-28-0 0.32: 8.36 8.04: 
118 10-C9-0 0.32: 8.38 8.06: 
119 10-30-0 0.32: 0.41 8.09: 
120 11-30-0 0.35: 4.32 3.97: 
121 11-31-0 • 0.35: 4.31 3.96: 
122 H-32-0 0.35: 4.32 3.97: 
123 11-33-0 0.35: 4.31 3.96: 
124 11-?, 4-0 0.35: 5.32 3.97: 
125 11-3 5-0 0.35: 4.29 3.94: 
126 11-36-0 0.35: 4.29 3.94: 
127 11-37-0 0.35: 4.29 3.94: 
128 11-38-0 0.35: 4.29 3.94: 
129 11-39-0 0.35: 4.28 3.93: 
130 114-33-16.6 0.35: 4.27 3.92: 
Temp. water 81°F 
131 • l-T.^-0 0.35: 4.40 
1 7 0 
J L Ccj 
1-27-0 0.35: 4.42 
133 1-38-0 0.35: 4.42 
134 1-29-0 0.35: 4.43 
135 1-30-0 0.35: 4.42 
136 0.35: 4.44 
137 1-32-0 0.35: 4.47 
138 1-33-0 0.35: 4.45 
139 1-34-0 0.35: 4.42 
140 1-3 5-0 0.35: 4.40 
| Av. 
0.35: 4.437 4.08! 
141 2- 0-0 0.35: 4.36 
142 2-01-0 0.35: 4.37 
143 2-02-0 0.35: 4.35 
144 2-03-0 0.35: 4.32 
145 2-04-^3 0.35 * 4.33 
146 2-0 5-0 0.35: 4.36 
147 2-06-0 0.35: 4.37 
148 2-07-0 0.35: 4.35 
149 2-08-0 0.35: 4.31 











6.65 : 8.47 
5.77 
2.7 
7.1 : 8.47 
0,35: 4.344: 3.994: 7.1 : 
DETERMINATION OF THE COEFFICIENT CF D13CHARGE 
OF SMALL ORIFICES 
used # 55 
Ternp._wat er_81 °F 
Run; Time 
# : hr-min—see 
: Stop watch 
Manometer Reading : 
Left : Right : Diff.: 
feet of water : 
water column : • 
Howell, ». S. 
August 10, 1925 
Water : Weight water 
column : and can 
inches : lbs. 
: Howe 
; 28x1866 
151 : 2-45-0 
152 : 5 2-46-0 
153 : 2-47-0 
154 : 2-48-0 
155 : 2-49-0 
156 : 2-50-0 
157 : 2-51-0 
158 : 2-52-0 
159 : 2-53-0 
160 ; 2-54-0 
161 l 2-55-0 
162 : 2-56-0 
163 : 2-57-0 
164 : 2-57-35.8 
165 : 3-17-0 
166 : 3-18-0 
167 : 3-1S-0 
168 : 3-80-0 
169 t 3-21-0 
170 : 3-22-0 
171 2 3-23-JD 
172 :4 3-24-0 
173 : 3-25-0 
174 : 3-26-0 
175 : 3-27-0 
176 : 3-28-0 
177 : 3-29-0 
























































Orifice used # 53 




























































August 11, 1925 








DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 53 














: Manometer Reading : 
: Left : Right ; Diff.; 
: feet of water ; 
t\ water column : 





















. 0.36: 2.04 : i 
FT • 2.06 : : 
H • • 2.07 : : 
n m 2.07 : 
m • 3.04 : : 
M • 2.04 : : 
TF 2.05 : 
0.36;' 3.04 s 
' * s 2.03 : : 
Av. Av. 


















9-0-0 : 0.32; 
9-01-0 : * : 
9-02-0 : « J 
9-03-0 : * j 
9-04-0 : » • 
























0.32: 8.45 : 
• : 8.48 : 












Water : Weight water 
column ; and can 
inches ; lbs. 
: Howe 
28x1866 
DETERMINATION CF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
jriTice used # 53 
Run : Time • \ 
# : hr—min—sec : 
: Stop watch : 
J J. — _JL5__ 
47 : 9-12-0 : 
48 : 9-13-0 : 
49 : 9-13-57.4 ; 
Manometer Reading : 
Left : Right : Diff <: 
feet of water : 








A V . : 
Howell, R. S. 
August 11, 1925 
Water : Weight water 
column ; and can 
inches : lbs. 
: Howe 
A. _2Sxl8£6_ , 
0.32; 8.476: 8.15: 7.40 : 
50 : $-35-0 : 5.33: 
51 : 9-36-0 : 5 .39: 
52 : 9-37^0 : 5.23: 
52 : 9-33-0 : 5.23: 
53 : 9-39-0 
54 : 9-40=0 : 5.24: 
5 5 : 9-41-0 : 5.23: 
5 6 i ; 9-42^0 : 5.43: 
57 : 9-43-0 : 5.50: 
58 : 9-44-0 : 5.49: 
59 : Q—Jtcv«jD : 5.46: 
60 : 9-4 G-0 : 5.44: 
61 : 9-47-0- : 5.40: 
62 : 9-4S-0 : 5.39: 
S3 xi 9-̂ 19-0 : 5.38: 
64 : 9-50-0 : 5.30: 
65 : 9-51-0 : 5 .36: 
66 : 9 - 5 2 - 0 : 5.38: 
67 : 9-53-0 : 5.38: 
63 : 9-54-0 : 5.28: 
69 : 9 - 5 5 - 0 - : 5.36: 
70 : 9-56-0 : 5.43 : 
71 : 9-57-0 : 5 .53: 
72 : 9-58-0 : 5.40: 
73 : 9-59-0 : 5.^7: 
74 : 10- 0-0 : 5.36: 
75 : 10-01-0 : 5.36: 
76 : 10-02-0 : 5.37: 
77 * 10-03-0 : 5.34: 
73 : 10-04-0 : o . 33: 
79 : 10-05-0 : 5.29: 
80 ; 10-2 5-0 2 9.10: 
31 : 10-26-0 : 9.12: 
82 : 10-27-0 : 9.16: 
33 : 10-23-0 : 9.17; 
84 : 10~29-0 : 9.12: 
inches of mercury: 
The Meriam Company : 
Cleveland, Ohio : 
: :Total : 
5.38: 5.30 : 10.68: 
5.30 : 5.22 : 10 . 52: 
5.23: 5.15 ::10.38: 
5.23: 5.15 : 10.38: 
5.23; 5.15 : 10.38: 
5.24  5.16 : 10.40: 
5. 5.15 : 10.33: 
5.43: 5.35 : 10.78 2 
5.50 5.42 : 10.92: 
5. 5.41 : 10.90: 
5.46: 5.38 : 10.84: 
5.44: 5.36 : 10.80: 
5.40: 5.32 : 10.72: 
5.39: 5.31 : 10.70: 
5.38: 5.30 : 10.68: 
5.30: 5.22 : 10.52: 
5. 5.28 : 10.64: 
5.33: 5.30 : 10.68: 
5.38: 5.30 : 1 0 . 6 8 2 
8: 5.30 : 10.68: 
5.36; 5.28 : 10.64; 
: 5.35 : 10.78* 
5. ; 5.4S : 10.98: 
0; 5.32 : 10.72: 
3 : 5.29 : 10.66: 
5.20 : 10.64; 
5.28 : 10.64: 
5.29 : 10.66: 
5.26 : 10.60: 
5.25 : 10.58: 
5.21 : 10.50; 
8.90 : 18.00; 
3.92 : 18.04: 
3.96 : 18.12: 
3.97 : 18.14: 








DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
































































































Manometer Reading : 
Left : Right : Total 2 
inches of mercury]* 
The meriam Company: 
Cleveland. Ohio : 
Howell, R. S7 
August 11,192 5 
Water : Weight I 
column : and a 



































































































































7.35 : 47.70 
7.35 : 
7. 50 : 
74.35 
31.15 
7.70 : 53.40 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 53 
emp._ wat_er_ 74^F_ 


















Left : Right : Total 2 column : 
inches of mercury2 inches : 
The Meriam Company 2 : 
_ ̂ C^eve^andj^ Ohio 2 _2 
13.832 13.35 : 27.18: : 
13.78: 13.30 : 27.08: : 
13.82: 13.34 : 27.16: : 
13.86: 13.38 : 27.24: : 
13.86: 13.38 : 27.24: : 
13.86: 13.38 : 37.24: 
13.86: 13.38 : 27.24: : 
13.82: 13.34 : 27.16: r| 
13.84: 13.36 : 27.20: : 
13.76: 13.28 : 27.04: : 
13.70: 13.22 : 26.92: : 
13.70: 13.22 : 26.92: I 
13.70: 13.22 : 26.92: 7.30 : 
Howell, R. S. 
August 11,1925 








142 2 12-33-0 : 23.8 j 
143 t 1 12-34-0 : 23.9 : 
144 : 13-35-0 : 23.8 : 
145 : 12-36-0 : 23.9 2 
146 : 12-37-0 : 23.3 : 
147 12-38-0 : 23.9 : 
148 ! 12-39-0 J 23.8 2 
149 : 12-40-0 : 23.6 : 
150 : 12-41-0 : 23.8 : 
151 : 12-42-0 : 23.8 : 
152 S 12-43-0 { 23.6 : 
153 I 12-44-0 ; 23.6 2 
154 : 12-45-0 1 23.5 : 
155 : 12-46-0 : 23.6 2 
156 I 12-47-0 : 23.6 2 
157 2 12-48-0 : 23.4 : 
158 ; 12-49-0 j ; 23.3 : 
159 12-50-0 J ; 23o6 : 
160 : 12-51-0 : 23.9 : 
161 : : 12-52-0 j • 23.8 : 
162 12-53-0 1 23.8 I 
163 • 12-54-0 : 23.6 : 
164 : 12-55-0 : 23.6 2 
165 1 13-56-0 i 23.6 : 
166 j 12-57-0 j 23.6 : 
167 ! ; 12-68-0 : 23.6 : 
168 ; 12-59-0 : 23.8 : 
169 : 1 - 0 - 0 : 23.6 : 
7.45 21.15 
7.50 63.00 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Crifice used # 53 
TemjTŷ  water 74̂ F__ 
Run : Ti~te 
hr-min—see 
Stop watch 
Howell, R. S. 
August 11, 19 
: Manometer Reading : 
; Left : Right : Tot-1: 
r inches of mercury : 
; The Meriam Company : 
! £l.ev£lanal,_0hio _:. 
Head: : * 
Water : Weight water 
colunn : and can 
inches : lbs. 
: Fairbanks 
. JL _26x36268 _ 
• • Crosby: 
• • 686317: 
170 1-01-0 • 23.2 
171 1-02-0 23.5 
172 1-03-0 23.4 
173 1-1-4-0 34.9 : 
174 1-15-0 34.6 
175 1-16-0 34.5 
176 1-17-0 34.7 
177 1-10-0 34.4 
173 1-19-0 34.4 
179 1-20~0 34.5 
180 1-21-0 34.4 
181 1-23-0 34.4 
132 1-83-0 34.5 
193 1-24-0 34.3 
134 1S2 5-0 34.2 
185 1-2 3-0 34/2 
136 1-F7-0 34.6 
137 • 1-23-0 34.7 
18S 1-20-0 34.6 
1C9 : 1-30-0 34.5 190 # 1-21-0- 34.5 
191 1-32-6 34.5 
1 9 2 34.5 
193 1-C4-0 34.5 
194 1-35-0 34.4 
195 1-36-0 34.4 
196 1—37-3 34.5 
197 1-33-0 34. 5 
193 1-39-0 34.5 
199 1-40-0 3 34.6 
200 • • 1-41-0 34.7 
201 : 1-42-0 34.8 202 • 1-43-0 34.7 




7.30 : 71.30 
7.85 : 122.60 
56 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Howell. R . S. 
July 29, 1925. O r i f i c e u s e d # 80 
Terajp_o_ water 68*T 
R u n ; T i m e : H e a d X W a t e r : W e i g h t : R u n : TfiLme : Head ; Water: '.?ei_ 
: h r - m i n — e e c : : c o l u m n : w a t e r : :hr-min—eec: #/^tt :column: wat 
# : S t o p w a t c h :(Bro s h y : i n c h e s : a n d c a n : # :5top watch:Crosby:inches: and can 
: I 5 :818446: ># • l b s . : # 5 ;818446: . lbs. 
: : : F a i r b a n k s : : : : Fairbanks 
:iv : 'r- :28x36268: <-t" : $3 :28x36268 
DETERMINATION OF THE COEFFICIENT OF DI8CHARGE 
OF SMAEL ORIFICES 
rifice used # 
ênrp.̂  water 70 
Run: Time 
:hr-*nin—see 
# :Stop watch 
S # 5 
Howell, R. 
July 29, 1925. 
: Head ; 
: #/•" : 




inches: and can 
: lbs. 
Fairbanks 
:Run: Time : Head : Water; 
S : h r - m i n - G E C : ;column; 
: w :SSop watch;Crosby:inches: 




































































t 73.5 : 
I 74.0 : 
: 74.0 : 
: 74.1 : 
: 73.5 : 
: 72.8 : 
: 73.5 : 
: 73.5 : 
: 74.0 : 
: 75.0 : 
: 74.5 ; 
: 74.0 : 
: 74.2 : 
: 73.3 : 
: 74.0 : 
: 74.0 : 
: 74.5 : 
: 74.2 i 
: 74.0 ; 
: 74.0 : 
: 74.6 : 
: 74.6 : 
: 74.4 : 
Temp » 
: 64.0 : 
: 63.3 : 
: 64.1 : 
: 64.0 : 
: 64.0 : 
: 64.0 : 
: 64.0 : 
: 64.0 : 
: 64.0 : 
: 65.2 : 
: 64.1 : 
: 64.5 : 
: 64.6 : 
: 64.8 : 
: 64.8 : 
: 64.6 : 
: 64.0 : 
: 64.2 : 
: 64.9 : 
: 64.9 : 
: 64.4 : 
F . T O 
































































































: 64.4 : 
2 64.2 : 
: 64.0 : 
: 64.0 : 
: 64.2 : 
:64.4 : 
: 64.5 : 
: 65.5 : 
: 64.2 : 
: 64.1 : 
: 63.9 : 
: 64.0 : 
: 63.8 : 
: 63.9 ; 
: 63.5 : 
: 63.0 : 
: 62.0 : 
: 6̂  .0 ; 
: 64.8 ; 
: 64.9 : 
: 65.0 : 
: 65.2 : 
: 65.1 ; 
: 64.6 : 
: 64.5 : 
: 64.0 : 
: 64.1 ; 
: 64.2 : 
: 64.0 : 
: 63.9 : 
: 63.9 : 
: 64.2 : 
: 64.0 : 
: 64.0 ; 
: 63.8 : 
Temp, water 72°F 
i 55.5 : 7.4 : 
: 55.1 : : 
: 54.9 : : 
: 54.9 : : 
: 55.5 : : 
: 56.6 : : 
: 56.4 : 
: 56.1 : : 
: 55.6 : • 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
flee used | 80 
Temp, water 72°F 
July 29, 1925 _ 
T&me : Head : 
;hr-min-eec: -AJ,f : 
:Stop watch:Crosby: 





















































:Run: Time : Head : Water: Weight 
; ;hr-min—sec: #/ D , f :column: water 
: # :Stcn watch:Crosby:inches: and c 
: : # 5 :818446: : lbs. 
• %-> : : Fairbanks 
• : :28i3£208-
0 5.00 
: 55.8 t 
: 55.6 ; 
: 55.5 : 
: 55.3 I 
: 55.2 : 
: 55.1 : 
: 55.2 : 
: 55.1 : 
: 55.2 : 
: 55.2 : 
: 55.0 : 
: 55.0 : 
: 55.4 : 





























Orifice used # 80 
Temp, water 70°F 
July 30, 1925 
— — — — — — — — — i— — 
Run; Time ; Head j 
;hr-min—sec; #/•" j 
# ;3top watch;Crosby; 

















































: Water: Weight 
: column: water 
:inches: and can 
: lbs 
: : Fairbanks 
: - p - 0 e - i22x2S£6£_ 




OF SMALL ORIFICES 
CR if ice used #80 
Temp, water 73 °F 
July_3£, JL£2£. 
Run: Time : Head 
:hr-min—sec: 
# :Stop watch:Crosby 
: | 5 :686317 
Howell, R S. 
. . . 
0 
113; \ 12-22-0 : : 34.4 
114; • 12-24-0 \ \ 34.4 
115: \ 12-26-0 ; : 34.4 
116; • 12-28-0 : 34.2 
117; . 12-30-0 { ! 34.2 
118; \ 12-32-0 : ; 34.3 
119; : 12-34-0 -j : 34.4 
: 12-36-0 1 34.2 
r 13-38-0 ; : 34.0 
; 13-40-0 ; : 33.6 
123; : 13—43—0 " j 
; 13-44-to ; 
: 34.0 
; 34.3 
\ ;  13-46-0 : 34.6 
126: ; 13-48-0 ; : 34.7 
: 12-50-0 ; ; 34.7 
Temp. 
128: ; 1-12-0 J ; 34.1 
129: : 1-14-0 j ! 33.6 
130: . i-i 6-0 ; : 23.8 
131; ; 1-18-0 ! ! 23.4 
132: \ 1-20-0 \ ; 33.3 
133: \ 1-22-0 j : 23.3 
134: ; 1-24-0 ; ! 23.3 
135; ; l~2S-0 ; : 33,2 
136; j 1-28-0 ; ; 23.5 
137: ! 1-30-0 \ ; 23.7 
138: : 1-33-0 « : 33.6 
139: : i-34—O : ! 33.5 
140: : 1-36-0 ; : 33.4 
141: j 1-38-0 J : 23.3 
142; . 1-40-0 : 1 23.3 
143: ; 1-42*0 ; ; 23.8 
144: ; 1-44-0 ; ! 33.8 
145: ; 1-46-0 ; : 33.8 
146: . 1-48-0 J : 33.8 
147: t 1-50-0 \ : 33.8 
148; \ 1-52-0 ! : 33.7 
149; f 1-54-0 ,: : 33.55 
150: : 1—56—0 j : 34.0 
151: t 1-58-0 ; l. 24.4 
152; X 2 - 0-0 :24.4 










Time : Head 
hr-min-eec: #/•" 
Stop watch:Crosby 



























































































































































DHTBtMINATICN OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 46 
Ter.p. water 76°F 
AAgtsl L92.5_ _ 
Run : Time : Head 
:hr-aiin-eec: #/•» 
:Stop watch;Crosby 
# : # 5 j818446 
89 : 3-44-0 : 86.5 
90 : 3-45-0 : 86.5 
91 : 3*46-0 : 86.8 
92 : 3-47-0 : 86.5 
93 : 3-48-0 : 86.2 
94 : 3-49-0 : 86.2 
95 : 3-50-0 : 86.2 
96 : 3-51-0 : 86.4 
97 : 3-52-0 : 86.3 
98 : 3-53-0 : 86.2 
9 9 , 3-54—0 : 86.1 
.100: 3-55-0 : 36.5 
101: 4-09-0 :1C2.8 
102: 4-10-0 :102.5 
103: 4-11-0 :102.2 
104: 4-12-0 :102.0 
105: 4-13-0 :102.5 
106: 4-14-0 :102.5 
107: 4-15-0 : 102.5 
108: 4-1640 :102.2 
109: 4-17-0 :102.5 
110: 4-18-0 :102.5 
111: 4-19-0 :102.2 
112: 4-20-0 :102.5 
: Water: Weight : 
• column water : 
:inches: and can: 
: * : lbs. : 
: Fairbanks; 
L :2.8i3£3a8^ 
7.60: 85.80 : 
: 7.65: 150.1 : 
: 7.9 : 21.25 : 
;
;
; : 7.95: 81.30 ; 












8-29-0 : 87.0 
8-30-0 : 87.5 
8-31-0 : 87.5 
8-32-0 : 87.5 
- a-flPi. I47.a0_i 
August 14, 1925. 
7.7 ; 21.20 ; 
7.80: 142.65 ; 
7.75: 21.30 ; 
Time ; Head 
hr-min—cec: 
Stop watch:Crosby: 










































: 87.8 ; 
: 87.0 : 
: 87.2 : 
: 87.5 : 
: 37.4 : 
: 87.2 : 





























: 44.0 : 
: 44.0 : 
: 44.0 : 
: 44.2 : 
: 44.2 : 
; 44.1 j 
: 44.1 : 











. 7.70: 75.80 
7.70:130.1 
7.6 : 
7.6 : 68 

DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
rifice used # 39 
emp. water 75°F 
- — ^AwUjSt lb±_ 19£5_ 
Run: Time : 
hr—min—sec: 
Stop watch: 



















































column: water : 
inches:and can : 
: lbs. : 
Fairbanks: 
Ji : 28x3ia2GJl: 
7.70: 157.10 : 




E T E R M I N A T I O N O F T H E C O E F F I C I E N T O F D I S C H A R G E 
O F S M A L L O R I F I C E S 
O R I F I C E U S E D # 7 6 
T E M P , W A T E R 7 9 3 F 
A U G U S T 5, 1 9 3 5 , 
R U N S T I M E : H E A D : W A T E R : W E I G H T 
:HR-«NIN—SEC: : C O L U M N : W A T E R 
# : S T O P W A T C H : C R O S B Y : I N C H E S : A N D CAN 
: # 5 : 6 8 6 3 1 7 : I L B S . 
: : : F A I R B A N K S 
J_ __: I 1.28X362.68 
0 5 . 0 0 
8 7 : 1 1 - 5 2 - 0 : 2 4 . 1 | : 
8 8 : 1 1 - 5 4 - 0 : 2 4 . 0 : : 
8 9 : 1 1 - 5 6 - 0 : 2 4 . 0 : : 
9 0 : 1 1 - 5 8 - 0 : 2 4 . 0 : : 
9 1 : 1 2 - 0-0 : 2 4 . 0 : : 
9 2 : 1 2 - 0 2 - 0 : 2 4 . 2 : 6.7 : 3 8 . 6 
9 3 : 1 2 - 0 4 - 4 ) : 2 4 . 5 : ; 
9 4 : 1 2 - 0 6 - 0 : 2 4 . 6 : : 
9 5 : 1 2 - 0 8 - 0 : 2 4 . 7 : : 
9 6 : 1 2 - 1 0 - 0 : 2 4 . 6 : : 
fff_JJ^HU^dPL 1 2 4 . 5 _ 2 _ 6.7 I _ 4 2 . 3 2 _ 
O R I F I C E U S E D # 6 0 
T E M P W A T E R 7 3 ° F 
AligUSJL Z,-J-22£ 
H O W E L L , R. S 
:Run : T I M E 
:HR-AIN—sec 
: S T O P W A T C H 
# 5 
8 - 0 4 - 0 
8 - 0 6 - 0 
8 - 0 8 - 0 
8 - 1 0 - 0 
8 - 1 2 - 0 
8 - 1 4 - 0 
8 - 1 6 - 0 
8 - 1 8 - 0 
8 - 2 0 - 0 
8 - 2 2 - 0 
8 - 2 4 - 0 
8 - 2 6 - 0 
8 - 2 8 - 0 
8 - 3 0 - 0 
8 - 3 2 - 0 
8 - 3 2 - 0 
& 4 6 - 0 
8 - 4 7 - 0 
8 - 4 8 - 0 
8 - 4 9 - 0 
9 - 5 0 - 0 
8 - 5 1 - 0 
6 - 5 2 - 0 
8 - 5 3 - 0 
0 - 5 4 - 0 
0 - 5 5 - 0 
9 — 5 6 - 0 
8 - 5 7 - 0 
8 - 5 8 - 0 
8 - 5 9 - 0 
: 3 4 . 0 : 
: 3 3 . 8 : 
: 3 3 . 5 : 
: 3 3 . 8 : 
: 3 3 . 5 : 
: 3 3 . 4 : 
: 3 3 . 5 : 
: 3 3 . 3 : 
: 3 3 . 5 : 
: 3 3 . 8 : 
: 3 3 . 5 • 
: 3 3 . 5 : 
: 3 3 . 3 : 
: 3 3 . 8 : 
: 3 4 . 1 : 
: 3 3 . 9 : 
: 4 3 . 8 : 
: 4 3 . 8 : 
: 4 3 . 8 : 
: 4 3 . 7 : 
2 4 3 . 5 : 
: 4 3 . 7 : 
: 4 3 . 6 : 
: 4 3 . 7 : 
• £ 3 7 • 
: 4 4 . 2 : 
: 4 3 . 1 : 
: 4 2 . 8 : 
: 4 3 . 8 : 
: 4 4 . 0 : 
5 . 2 0 
2 7 . 1 5 
4 7 . 6 0 
4 9 . 1 5 
2 1 . 1 8 
: 9 - 0-0 
: 9 - 0 1 - 0 
• -9-02—0 
: 9 - 0 3 - 0 
: 9 - 0 4 - 0 
: 9 - 0 5 - 0 
: 9 - 0 6 - 0 
: 9 - 0 7 - 0 
I... 9 - 0 8 4 ) 
: 9-4)9-0 
• 9 - 1 0 - 0 
: 9 - 1 1 - 0 
: 9-12-4) 
: 9 - 1 3 - 0 
: 9 - 1 4 - 0 
: 9 - 1 5 - 0 
: 9 - 1 6 - 0 
: 9 - 2 8 - 0 
: 9 - 2 9 - 0 
: 9 - 3 0 - 0 
t 9 - 3 1 - 0 
: 9 - 3 2 - 0 
: 9 - 3 3 - 0 
: 9-34-O 
: 9 - 3 5 - 0 
: 9-36-4) 
: 9 - 3 7 - 0 
: 9 - 3 8 - 0 
: 9 - 3 9 - 0 
: 9 - 4 0 - 0 
: 9 - 4 1 - 0 
: 9 - 4 2 - 0 
• 9 - 4 3 - ; 
F 9 - 4 4 - 0 
: 9 - 4 5 - 0 
: 9 - 4 6 - 0 
: 9 - 4 7 - 0 
: 9 - 4 8 - 0 
: 9 - 4 9 - 0 
: 9 50—^0 
: 9 - 5 1 - 0 
: 9 - 5 2 - 0 
: H E A D : T^ATER; W E I G H 
: # / D * : C O L U M N : W AT 
: C R O S B V : I N C H E S : A N D 
; 6 8 6 3 1 7 : : L B 
: : : F A I RBAN] 
I. : 1.28X3626 
0 
: 4 3 . 9 : 
: 4 3 . 8 : 
: 4 4 . 0 : 
: 4 4 . 1 : 
: 4 3 . 6 : 
: 4 3 . 4 : 
: 4 3 . 6 : 
: 4 3 . 6 : 
: 4 3 . 8 : 
: 4 4 . 0 : 
: 43.9 : 
: 4 3 . 9 : 
: 4 3 . 8 : 
: 43.9 : 
: 4 4 . 0 : 
: 4 4 . 1 : 
\ Q M e l 
: 54.1 : 
: 5 4 . 5 : 
2 S 4 . 1 : 
: 5 4 . 0 : 
: 54.1 2 
2 5 4 . 0 2 
: 5 3 . 8 2 
2 5 3 . 4 2 
: 5 3 . 6 : 
2 5 4 . 0 2 
: 5 4 . 8 2 
: 5 5 . 0 : 
; 5 4 . 9 : 
2 54.9 : 
: 5 5 . 0 : 
: 55.1 : 
2 54.9 : 
2 5 4 . 8 : 
2 5 4 . 8 : 
: 54.9 : 
: 5 4 . 9 : 
: 5 4 . 6 : 
: 5 4 . 3 : 
2 5 4 . 1 : 
5 . 0 0 
7 . 4 5 : 
: 9 - 5 5 - 0 : 5 4 . 0 : 
F THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
ice used f GO 
Temp^. water 
August 7, 1926/ 
Run: Time : Head 
;hr-min—sec: #/ D W 
# :Stop watch:Crosby 
• # 5 :818446 
66 : < 
67 : $ 
68 : < 
69 : 1C 
70 : 1C 
71 : K 
i72 : 1C 
73 : I F 
74 : 1( 
75 : 1( 
76 : 1( 
77 : 1( 
78 : 1( 
79 : 1( 
80 : 1( 
81 : 1< 
82 : U 
83 : 1( 
84 : K 
85 : 1< 
86 : K 
87 : If 
88 : li 
89 : 1< 
90 : is 
91 : 1! 
92 : li 
93 : li 
94 : 1< 
95 : H 
96 : li 
97 : li 
98 : V 




































































































: Water: Weight :Run: Time 
:column: water : :hr—min—eec 
:inches: and can: # :Stop watch 
: lbs.: : # 5 
: Fairbanks: : 


















































































































































: Water: Weight 
:column; water 
:inches: and can 
: : lbs. 
: :Fairbanl 





COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifice used # 60 
Temp, water 73°F 
Howell, R. S. 
August 7, 1925. 
Run: Time : Head : Water: Weight |Run: Time : BE ad : Water: Weight 
:nr-fliln-eec: :column: water ; :hr-<nin-eec: #/•" :colu«nn: water 
f :Stop watch:»osby:Inches: and can: # :Stop watch:Crosby:inches: and can 
1 # 5 :818446: 'I lbs.: : # 5 :G18446: • lha. 
154 : 11-47-0 : 84.0 
155 : 11-48-0 : 84.5 
156 : H-49-0 : 84.9 
157 : 11-60-0 : 84.7 
158 * 11-51-0 : 84.3 
159 : 11-03-0 : 84.0 
160 : 11-53-0 : 83.5 
161 : 11-54-0 : 84.0 
Temp 
162; : 12-36-0 : 94.8 
163 : 12-37-0 : 95.0 
164: : 12-38-0 : 95.0 
165 : 12-39-0 '-: 94.5 
166; { 12-40-0 : 94.8 
167' 1 12-41-0 : 94.9 
168: 12-42-0 ! : 94.9 
169: r 12-43-0 ; : 94.1 
1 7 0 ; I 12-44-0 j : 94.0 
171; I 12-45-0 \ ! 94.0 
172: ! 12-46-0 j I 94.0 
173; . 12-47-0 ; I 93.8 
174: I 12-48-0 ; ; 93.8 
175: : 12-49-0 : 94.3 
176: : 12-50-0 : 94.0 
177: I 12-51-0 j : 95.0 
178: : 12-52-0 : 95.8 
179: ; 12-53-0 : 95.0 
180: : 12-54-0 : ; 94.8 
181: ; 12-55-0 : : 94.0 
182: 12-56-0 : : 94.0 
183: 12-57-0 j : 94.1 
184: 12-58-0 : 93.8 
185: 12-59-b : 93.8 
186: I- 0-0 : 93.8 
187: 1-02-0 : 93.9 
188: 1-02-0 : 93.9 
189: 1-03-}) : 94.0 
190: 1-04-0 : 94.1 
191: 1-05-0 : 94.0 
192: 1-06-0 : 94.0 : 
193: 1-28-0 : 104.5 ; 
194: 1-29-0 : 104.5 ; 










:196 : i-31-o :104.0 
:197 : l-32-o :104.2 
:198 : 1-33-0 :104.0 




: 2 0 1 : 1-36-0 :104.2 
:202 : 1-37-0 :105.0 
:203 : 1-38-0 :104.8 
2041 : 1-39-0 :104.5 
:205 : 1-40-0 :104.8 
:206; : 1-41-0 :104.5 
:207: : 1-42-0 :104.2 
;208; : 1-43-0 :104.8 
:209; : 1-44-0 :105.0 
:210: : 1—45-0 :104.6 
: 211: ; 1-46-0 :104.5 
: 212; { 1-47-0 :104.9 
:213; ; 1-48-0 :104.5 
:214: I 1-49-0 :104.8 
:215; ; 1-50-0 i :104.2 
s216: : 1-51-0 : 1104.5 
••217: 1 1-52-0 ; :104.7 
:218: : 1-534) < j 1104.6 
:219« : 1-54-0 j :105.0 
;220: ; 1-55-0 j :104.5 
: :£21 j : 1-56-0 j :104.4 
: 222: 1-57-0 : 104.6 
: 223: 1-58-0 • i :104.4 
: Orifice used # 55 
: Temp, water 75°F 
: 224: ; 2-30-0 i :104.0 
: 225: ; 2-32-0 ; :103.8 
226: ; 2-32-0 ; :104.0 
: 227: ! 2-33-0 ; :104.1 
: 228! : 2-34-0 : 104.9 
• 229: : 2-35-0 ; :104.5 
: 230: 2-36-0 j :104.1 
: 231: 2-37-0 • :104.0 
: 232: ! 2-38-0 104.1 
: 233- 2-39-0 104.0 
: 234: 2-40-0 : 104.1 
: 235: 2-41-0 : 104.2 




DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES • 
e ueea # 55 
lemp^ xaier Z5lF_ 
Run? Time ; Head j 
:hr4faln—sec: ; 
# :3top watch; (Jrosby ; 
f 5 2318446; 
Howell, R. S. 
August 7, 1° 
Water2 Weight 
column: water 




;Run: Time ; r.3ad 
: :hr-min—sec 
; #j?rtop watch:Crosby 
; ; # 5 2813446 
: Water 2 Wfeight 
:column: wate 
;inches:and c 












































































































































































































































































DETERMINATION OF THE COEFFIC 
OF SMALL ORIFICES 
rifice used 7f 55 
emp. water 75°F 
AUffttBt 7,_1925 
im: Time j Head j 
:hr—min—sec:#/o" j 
:Stop watch:Crosbyj 



















































rifice used # 55 
emp^ water 73.5°F 
8-0 -0 : 64.2 
8-01-0 : 64.0 
8-02-0 : 64.1 
8-03-0 : 64.2 
8-04-0 : 64.3 
8-05-0 : 64.1 
8-06-0 : 64.0 
8-07-0 : 64.3 
8-08-O : 64,6 
D : 8-09-0 : 64.6 
L : 8-10-0 : 64.5 
3 : 8-11-0 : 64.4 
3 : 8-12-0 : 64.4 
4: 8-13-0 : 64.1 
5 : 8-14-0 : 64.2 
5 : 8-15-0 : 64.5 
7 : 8-16-0 : 64.7 






































: Time : Head 
:hr-min—eec: #/° w 
:Stop watch:Crosby 
: f 5 :818446 
: Water: Weight 
: column: water 
:inches: and can 
: : lbs. 
: Fairbanks 






























































































ERMINATION CF THE COEFFICIENT ( 
OF SMALL ORIFICES 
Or i f i ce used # 55 
Temjp.._ water, 7 4lF : 
Run: Time : Head : 
:hr-min—sec: f/ 0" : 
# :Stop watch:Crosby: 
: # 5 :686317: 
• > — — — — 1 
63 : 9-20-0 45.0 
64 : 9-21-0 44.7 
65 : 9-22-0 44.6 
66 : 9-23-0 44,7 
67 : 9-24-0 44.8 
68 : 9—2 51 • O 44.2 
69 : 9-26-0 43.9 
70 : 9-27-0 43.9 
71 : 9-28-0 44.1 
72 : 9-29-0 44.7 
72 : 9-30-0 45.1 
73 : 9-31-0 45.1 
74 : 9-32-0 45.1 
75 : 9-33-0 45.0 
76 : 9-34-0 44.9 
77 : 9-35-0 44.8 
78 : 9-36-0 44.3 
79 : 9-37-0 44.8 
80 : 9-38-0 44.9 
81 : 9-39-0 44.9 
82 : 9-40-0 44.7 
83 : 9-41-0 44.6 
84 : 9-42-0 44.6 
85 : 9-43-0 44.6 
86 : 9-44-0 44.6 
87 : 9-45-0 44.7 
68 : 9-46-0 44.8 
89 : 9-47-0 45.0 
90 : 9-48-0 44.7 
91 : 9-49-0 44.3 
92 : 9-50-0 44.1 : 93 : 10-0 -0 34.2 
94 : 10-01-0 34.0 
95 : 10-02-0 33.7 
96 : 10-03-0 33.7 
97 : 10-04-0 33.8 
98 : 10-05-0 33.9 
99 : 10-06-0 34.1 
100: 10-07-0 Z4U 
101: 10-08-0 34.6 
102: 10-09-0 34.7 
103: 10-10-0 34.7 
104: • 1O-11-0 34.8 
105: 10-12-0 34.9 
106: 10-13-0 34.9 
Water: Weight :Run: Time * 
column: water : :hrJiiin—eec: 
inches: and can: f :3top wateh: 
: l b s . : : # 5 : 
Fairbanks: , t : 































































































Howell, R. S. 



































Head : Water: Weight 
#/•» ;column: water 
Crosby:inches:and can 
686317: t lbs. 
. . . : : Fairbanks 
' : ^ x :28x36268_ 
i 35.0 f : 
: 34.9 : 7.00: 57.70 
OF SMALL ORIFICES 
# 55 
Temp, water 74°F 
JlugiusV S,_192 5 
Run: Time : Head Water: Weight 
:hr-min—eec: #/c :column: water 
:Stop watch:Crosby:inches: and can 
# t # 5 :686317; : lbs. 
kj fc : Fairbanks 
: j. : j28x36<L68 
152: 11-10-0 : 24.6 : : 
153: 11-O.A^O : 24.7 j • 
154: 11-13-0 : 24.3 : 6.65; 83.80 
:Run: Time : 
: :hr-rain—eec: 
: ;Stop watch: 
: 1 : # 5 : 
Crifi 
Xempju 
August 11, 1935 
ce used # 53 






























































: 46.0 : 
: 46.0 : 
: 46.0 : 
: 46.1 : 
: 46.7 : 
: 46.7 : 
: 46.6 : 
: 4G.4 : 
: 46.3 : 
: 46.5 : 
: 46.8 : 
: 46.9 : 
: 46.3 : 
: 46.7 : 
: 46.6 : 
: 46.9 : 
: 46.9 : 
: 46.9 : 
: 46.8 : 
: 46.9 : 
: 46.9 : 
: 46.6 : 
: 46.6 : 
: 46.8 : 
: 46.9 : 
: 46.8 : 
: 46.8 : 
: 46.6 : 
: 46.8 : 
: 46.5 : 
: 46.5 : 
.•Crosby: 
:81844£: 
: 59.5 : 
: 59.4 : 
: 99.8 : 





































































































































8.0 : 21.25 
DETERMINATION OF THE CO 
OF SMALL ORIFICES 
Orifice used # 5 3 
Temp. W^ter 7 5 ° F 
Howell, R. s. 
mmm — _ August 11. _1925 
R u e i: Time : Head 
:hr—min—sec 
:Stop watch t; Crosb 
: # 5 :81844 
S O : 3-54-0 : 8 8 . 2 
81 : 3 - 5 5 - 0 : 8 8 . % 
82 i 3-56-0 : 88 . 1 
83 * 3-57-0 : 8 8 . 2 
84 : 3-58-0 : 88.2 
85 : 3-59-0 : 88 . 1 
86 : 4- 0-0 : 8 8 . 2 
87 : 4 - 0 1 - 0 : 8 8 . 5 
83 l • 4-02-0 : 8 8 . 8 
89 : 4-03-0 : 8 8 . 4 
90 : 4-04-0 : 8 8 . 6 
91 t 4-05-0 : 8 8 . 5 
92 : 4-06-0 : 88.4 
93 : 5-07-0 ! 88.0 
94 : 4-08-0 j ! 8 3 . 5 
95 ! 4-19-0 j 104 . 5 
96 j 4—*2 j 104.0 
97 j • 4-21-0 : 1&4.5 
98 : 4-22-0 : 104.0 
99 : *1 3—0 j 104.0 
100: \ 4-24-0 : 104.0 
101: 4 - £ 5 - £ > : 1C4.0 
102: 4-56-0 : 104.0 
103: 4-27-0 : 104.0 
104: 4-28-0 : 104.0 
105: 4-29-0 : 104.0 
106! 4-30-0 : 103.5 
107: 3-31-0 : 104.5 
108: 4-32-0 : 103.5 
109: 4-33-0 : 104.0 
110: 4-34—0 : L04.5 
ill: 4-35-0 :: L04.0 
112: 4-36-0 :! L04. 5 
113: 4-37-0 :: L04.5 | 
114: 4-38-0 :: L03.5 l 
-US:. - 4-39^0_ i.104^5 : 





t Water: Weight :Run 
:column: water : 
y:inches: and can: 
6: : lbs. : # 
: Fairbanks: 
_: 2.28x36268: 
: : :4 
: : :5 
: : :o j 
: : 7 
: 8.05: 75.00 ;8 
: : :9 ' \ 
: : :10 : 
: : 2 1 1 : 
: : :12 : 
: 2 :13 : 
: : :14 : 
: 2 215 : 
2 216 : 
: : 217 : 
: 8 . 1 0 : 129.20 :18 : 
: 8.20: 21.25 :19 : 
: : 2 2 0 : 
: : 221 : 
: i « C 0 f 
: : 223 2 
2 2 224 : 
2 : :25 : 
: : 226 : 
: : 22 7 : 
: : 228 : 
: 8.25: 29.80 :29 : 
: : .30 : 
2 i ; v :31 : 
: : 232 : 
: 2 :33 : 
; : :34 : 
:35 : 
: : :36 : 
* 2 3 7 : 
: .38 : 
_ 8.20J. 138.15_.39 : 
August 12, 1925:*° j 
=42 j 
2 4 3 . 
7.50: 21.15 2 4 4 : 
* :45 : 






















































: 1 0 2 . 0 
:101.8 
: 1 0 1 . 6 
: 1 0 1 . 8 
: 1 0 1 . 8 
: 1 0 1 . 8 
: 1 0 2 . D 
: 1 0 2 . o 
:ioa.o 
• • 1 0 2 . 0 
: 1 0 1 . 8 
: 1 0 2 . 5 
: 8 8 . 5 
: 8 8 . 4 
' 88. j 
88.6 
88.6 
8 8 . 5 
83 . 5 


















7 3 . 5 I 
























COEFFICIENT OF DISCHARGE 
OF SMALL CRIFICE3 
Orifice used # 










: Water: Weight 
: column: water 
:inches: and can 





: :Stop watch 
I # J # 5 
: Head : Wate 
: #/°* :colu_. 
: Crosby: inches 























'•9 : 10-14-0 
: 10-15-0 
: io-16-o 
72 : 10-17-0 
ht 10-18-0 
4 : 10*19-0 












or : 10-39-0 
°8 ; 10-40-0 
9 : 10-41-0 
: 73.6 ; 
: 73.4 ! 
: 73.2 j 
: 59.8 i 
: 59.8 ; 
: 59.7 : 
: 59.5 ; 
: 59.4 : 
: 59.2 : 
: 59.2 : 



































:90 : 10-43-0 ;34.3 
:9l : 10-43-0 • * 34.2 • 
7.35: 123.45 :93 : 10-44-0 • 34.2 
7.20: 21.25 :93 : 10-45-0 34.0 
:94 : 10-46-0 34.0 
:95 : 10-47-to 34.0 7.10: 
:96 : 10-48-0 34.0 
:97 : 10-49-0 34.2 
:98 : 10-50-4) 34.3 
:99 : 10-51-0 34.4 
:100: 10-53-0 34.3 
7.20: 67.20 :101: 10-53-0 34.3 
:102: 10-54-0 34.2 
:103: 1CM-55-0 34.0 
:104: 10-56-0 34.2 7.00: 
.105: 11«06-0 22.2 6.35: 
: fc06: 11-07-0 • 22.2 
:107: 11-08-0 • 22.3 i 
:108: 11-09-0 22.3 
7.20: 113.20 :109: 11-10-0 • 22.2 
:110: 11-11-0 • ?2.1 
:lll: 11-12-0 22.2 
:112: 11-13-0 • 22.3 
:113: 11-14-0 22.2 
:113: 11-15-0 33.1 
:115: 11-16-0 * 22.1 6.30: 
:116: 11-17-0 • 33.1 
:117: 11-184) 22.2 
• :118: 11-19-4) 33.3 
:119: 11-20-0 22.5 
:120: 11-21-0 32 • 3 
7.6 : 66.80 :12l* 11-22-0 22.0 
:122: 11-23-0 33.0 
:123: H - 2 4_0 22.0 
:124: 11-2 5-0 22.0 
:125: 11-26-0 • • 22.1 6.15: 
7.6 : 112.40 : 
7.15: 21.25 : 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifi ce used # 50 
:a£ex Z6lF_ Hernia j 
Run Time • • Uanometer Reading; : 
# Left : Right : Total: hr—min—sec inches of mercury : 
• • • Ston watch The ] Weriam Comoany: 
•JL # 5 Cl evel and. ,__Chio _ : 
1 1-02-0 13.65: 13.20 • P C QR» 
2 1-03-0 • 13.65: 13.20 
3 1-04-0 13.65: 13.30 
4 1-05-0 : 13.70: 13.25 • 26 9 R• 5 . 1-06-0 • 13.67: 13.22 
6 l~07-0 13.71: 13.26 : 26.97: 
7 i-oa-o • • 13.73: 13.28 
GO
 
1-09-0 13.63: 13.13 
9 1-10-0 13.60: 13.15 : 26.75: 
10 1-11-0 * 13.70: 13.35 : 36.95: 
11 1-12-0 • 13.71: 13.26 : 36.97: 
12 1-13-0 : 13.67: 13.22 : 26.89: 13 1-14-0 : 13.70: 13.25 . 26 95* 
14 1-15-0 13.74: 13.28 
15 1-16-0 13.73: 13.28 : 37.01: 
16 1-17-0 • 13.67: 13.22 . 26 #39; 
17 1-18-0 : 13.65: 13.20 • 26 Bftl 18 1-19-0 13.65: 13.30 
19 1-2 O-O # 13.66: 13.21 : 36.37: 
20 1-21-0 13.66: 13.21 : 26.37: 
21 1-22-0 • 13.65: 13.20 : 26.85: 
32 1-29-0 • 8. 57: 8.42 : 16.99: 
23 1-3 O-O 8.55: 8.40 : 16.95: 
24 1-51-0 8.59: 8.44 : 17.03: 
25 1-32-0 \ 8.61: 8.46 : 17.07: 
26 1-33-0 8.63: 8.48 : 17.11: 
27 1-34-0 8.55: 8.40 : 16.95: 
38 1-35-0 • 8.63: 8.48 : 17.11: 
29 1-3S-0 3.61: 8.46 : 17.07: 
30 1-37-0 • • 8. 63: 8.48 : 17.11; 
31 1-38-0 8.65: 8.50 : 17.15: 
32 1-39-0 8.61: 8.46 : 17.07: 
33 1-40-0 : 8.59: 8.44 : 17.03: 34 1-41-0 I 8.60: 8.45 : 17.05: 
35 1-42-0 • 8.55: 8.40 : 16.95: 
36 1-43-0 8.60: 3.45 : 17.05: 
37 1—44-0 : 8.60: 8.45 : 17.05: 38 1-45-0 : 8.60: 8.45 : 17.05: 39 1-46-0 8.60: 8.45 : 17.05: 
40 1-47-0 : 8.61: 8.46 : 17.07: 41 1-48-0 • 8.59: 8.44 : 17.03: 
42 1—49-0 8.61: 8.46 : 17.07: 
43 1-55-0 m • 5.45: 5.40 : 10.85: 44 1-56-0 : 5. 50: 5.45 : 10.95: 
45 1-57-0 : 5.47: 5.42 : 10.89: 
Howell, R. 
August 12, 1935 
Water : Weight water 
column : and can 
inches : lbs. 
: Fairbanks 
: 38x36268 
8.20 : 31.35 









OF SMALL ORIFICES 
Orifice used # 50 
Temp, water 76°F 
Howell, R. S. 
August 12, 19; 
H 
DETERMINATION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
ce used # 50 
£era£_ wat er_ 77_F_ 
iRun 2 Time 
: hr-min—oec 
: Stop watch 
\_l _ _ I 5 
88 : 3-05-0 
89 2 3-06-0 
90 2 3-07-0 









































116 2 3-57-0 
117 : 3-58-0 
118 : 3—59-0 
119 : a— 0-0 120 2 4-01-0 
121 : 4-02-0 
122 2 4-03-30 mm 
Manometer Reading 
Left 2 Right ; Diff. 
feet of water 
water column 
Howell, R. S o 
A u g u s t 12,1925 
0.352 






















































3.81 7.70 : 
7.70 : 
0.35; 4.16 ; 3.81 








































Water : Weight water 
column : and can 
inches : lbs. 
* Howe 
2 28x1866 
TERMINATION OF THE COEFFICIENT OF DISCHARGE 




ce used # 46 












Howell, R. S. 
August 13, 192 5 
Manometer Reading 
Left ; Right : Diff, 

















ft* 2.02 • 1.66: 6.20 • • 8.47 
8-10-0 : 0.36: 2.03 6.00 : 2.70 
8-11-0 : 0.36: 2.03 : 0—12-0 : 0.36: 2.03 * 
8-13-0 : 0.36: 2.03 
8-14-0 : 0.36: 2.03 • * • 
8-15-0 : 0.36: 2.03 • 
8-15-47.6 : 2.03 » # 
Av. A v . 
0.36: 2.03 • 1.67: 5.95 8.47 
8-20-0 T 0.35: 4,10 6.20 * • 2.70 
8-21-0 : 0.35: 4.10 • • 
8-22-0 1 0.35: 4.10 • 
8—23-0 _ 0.35: 4.10 • 
8-24-11.4 : 0.35: 4,10 • 
Av. 
0.35; 4.10 e 6.20 2 8.47 
8-30-0 2 0.35: 4.10 • 6.20 • 2.70 
8-31-0 : 0.35: 4.10 « * • 
8-32-0 : 0.35: 4.10 : • 
8-33-0 : 0.35: 4.10 : • 6-34—11.8 : 0.35: 4.10 a • • 
A v . 
0.35: 4.10 • • 3.75: 6.20 « 8.47 
Fairbanks 
28x36268 
9-34-0 : 0.32: 8.42 7.00 5.18 
$-35-0 • : 8.42 
9-36-0 tt • 8.54 
9-37-0 "« it • 8.53 
9-38-0 : tt • 8.52 
9-39-0 I ' ti . 8.52 
9-40-0 : tt . 8.50 
9-41-0 .* ti * 8.50 
9—42-0 N • 8.50 7.00 20.90 
DETERMINATION OF THE COEFFICIENT OF DISCHARG1 
OF SMALL ORIFICES 
Howell, R. 
August 13,1925 
rifice used # 43 
ie£LpjjL i^ieL i&y ' 
Run : Time : Manometer Reading : Water : Weight water 
: : Left : Right : Diff.: column : and can 
# : hr-min—sec : feet of water : inches : lbs. 
: Stop watch : water column : : Fairbanks 
_ _L _ _ £ 5 : * ± _ 28x362G8_ 
FIOIENT OF DISCHARGE 
OF SMALL ORIFICES 
Orifioe used # 46 
Temp, water 76°F 
Howell, R. 
August 13, 1925 

D E T E R M I N A T I O N O F T H E C O E F F I C I E N T O F D I S C H A R G E 
O F SL: A L L O R I F I C E S 
e #43 





Howell, R . S. 
August 14, 19 
Manometer Reading : 
Left : Right : Diff.: 
feet of water : 




1 - 0-0 0 . 3 2 ; 8 . 5 6 8 . 2 4 : 
1-01-0 0.32: 8.54 8.22; 
1-02-0 0 . 3 2 : 8 . 5 8 8 . 2 6 : 
1-03-0 0 . 3 2 ; 8 . 5 8 8 . 2 6 : 
l_04-0 0 . 3 2 : 8 . 5 7 8 . 2 5 ; 
1-24-0 0 . 3 5 : 4 . 5 0 4 . 1 5 : 
1-2 6-0 0.35: 4.50 4.15: 
1 - 5 8 - 0 0 . 3 5 : 4 . 5 0 4 . 1 5 : 
1-30-0 0 . 3 5 : 4. 5 0 4 . 1 5 : 
1-32-0 0 . 3 5 : 4 . 5 0 4 . 1 5 : 
1-34-0 0.35: 4 . 5 0 4.15: 
1-36-0 0.35: 4 . 5 0 4.15: 
1-33-0 0.35: 4 . 5 0 4 . 1 5 : 
1-40-0 0.352 4.50 : 4 . 1 5 : 1-42-0 0.35: 4 . 5 0 • 
• 
4.15: 
1-44-0- 0.35: 4 . 5 0 i 4 . 1 5 : 
1—16-0 0.35: 4.50 : 4.15: 1-48-0 0.35: 4 . 5 0 4 . 1 5 : 
1 - 5 6 - 0 0 . 3 6 : 2.25 1 . 8 9 : 
1-58-0 0 . 3 6 ; 2 . 2 5 1 . 3 9 ; 
2- 0-0 0.36: 2 . 2 5 1 . 3 9 : 
2-02-0 0.36; 2 . 2 5 1 . 8 9 : 
3-04-0 0 . 3 6 : 2.25 1.89: 
2-06-0 0 . 3 6 : 2 . 2 5 1 . 8 9 : 
2-08-0 0.36: 2.25 1 . 8 9 : 
2 - 1 0 - 0 0 . 3 6 : 2 . 2 5 
2-11-0 0 . 3 6 : 2 . 2 5 1.89 2 
2-12-0 0.36: 2.35 1.89: 
2-14-0 0.36: 2 . 2 5 1 . 8 9 : 
2-16-0 0.36: 2.25 1 . 3 9 : 
2 - 1 8 - 0 0 . 3 6 : 2 . 2 5 1 . 3 9 : 
2 - 2 0 - 0 0 . 3 6 : 2 . 2 5 1 . 3 9 : 
2 - 2 2 - 0 0.36; 2 . 2 5 1 . 3 9 : 
2 - ^ 4 — 0 0 . 3 6 : 2 . 2 5 1 . 8 9 2 
2-26-0 0 . 3 6 : 2 . 2 5 1 . 8 9 ; 
8 . 5 5 
7 . 9 0 
7 . 9 0 
7 . 7 5 
6 3 . 0 0 
2 1 . 3 0 
7 . 7 5 
Orifice used # 3 9 
£er_o._ water 8 7 _ F _ 
99 : 2 - 4 4 - 0 
1 0 0 : 2 - 4 6 - 0 
1 0 1 ; 2 — 4 8 - 0 
1 0 2 : 2 - 5 0 - O 
1 0 3 : 2 - 5 2 - 0 
1 0 4 : 2 - 5 4 - 0 
0 . 3 6 : 2. 20 : 1. 8 4 ; 
0 . 3 6 : 2. 20 : 1. 8 4 : 
0 . 3 6 : 2. 1. 8 4 : 
0 . 3 6 : 1. 8 4 ; 
0 . 3 6 : 20 : 1. 8 4 2 
0 . 3 6 ; 2. 20 : 1 . 8 4 ; 
August 1 4 , 1 9 2 5 
3 6 . 3 5 2 1 . 3 0 
ATION CF THE COEFFICIENT OF DISCHARGE 
































































































: Manometer Reading : Water : 
: Left : Right : Diff.: column : 
: feet of water ; inches : 































































































































7.20 : 50.00 
DETERMINAEION OF THE COEFFICIENT OF DISCHARGE 
OF SMALL ORIFICES 
sed # 39 
Te.np. water 77 °F 
Howell, R. S P 







































leter Reading : Water 
Right : Tota}: col̂ min 
i of mercury : inches 
iriam Comnany : 
4.90 : 9.80: 7.3 
4*00 ? v ^ 8 0 : 
4.90 : 9.80: 
4.90 : 9.80: 
4.90 : 9.30: 

























Q n r . • 
7.30 48.30 
7.30 75.30 
August 15, 1925 
8.50: 8.40 : 16.90: 6.30 : 21.20 
8.50: 8.40 : 16.90: : 





























Orifice used # 39 
Tenp. water 72°F 
ist 34,192 5 

Run : Kanometer Reading : Head 
: Left : Right : Diff.: #/•« 
# : : :: : Crosby 
Water ; Length 
column : 8mooth Section 
inches : inches 
feet H 30 
1 A I 0.35; 
2.02 7.1 1.00 
2 | 4.30 • 
I 
7.3 1.60 
3 1 j 0.31: 8.50 •• 8.0 2 d 0 
inchej 3 mercury 
4 i: 5.2>0: 5.00 7.7 2.10 5 : t 8.20: 8.00 7.8 2.20 
6 -! : 13.90: 13.50 7.9 2.50 
7 ; 19. i 7.70 2.50 
30 8.00 3.20 
9 " S 40 8.20 4.00 
10 a 50 8.30 4.50 
11 1 
60 8.35 4.00 
12 1 70 8.40 4.00 
13 { 80 ; 4.50 
Orifice used # M 
14 ! j 0.35: 7.2 1.50 
!D5 : r 0.34: 4. 3 4 7.5 2.00 
15 : j 0.31: 8.G0 8.3- 2.10 
inches mercury 
\* - J : G j 5.80 . L I R A M } 8.25 2.20 
IB ; : 9 : 8.80 :17.30 8.30 2.00 
19 ; ! 14.00: 13.50 :27.50 8.5 3.50 
fed' *fi 20 8.6 4.00 
Bl I 30 8.65 5. 50 
• 40 8.70 7.50 
23 ; 50 8.75 10.50 
24 : 60 8.80 12.50 
25 j 70 9.50 13.50 
26 j 80 8.6 14.00 
27 : 90 8.65 15.00 
28 j 100 8.7 15.50 
29 \ 
1 0.35J 
2.35 7.5 1.4 
\ 0.34: 4.34 7.7 1.9 
31 i 0.31: 8.31 8.5 2.5 
4 7.0 2.8 
0 0 j 5 7.1 3.1 
34 I 7 7.2 4.0 
35 : 10 7.3 5.0 
36 ! 15 7.6 9.5 
37 25 7.8 12.5 
38 ; 35 Q.l 14.0 
39 ; 45 8.2 15.0 
40 : 55 8.3 16.5 
41 ! 65 8.35 17.0 
42 ; 71 8.40 17.7 

DETERMINATION OF THE LENGTH OF THE SMOOTH SECTION 
OF JETS FROM SHALL ORIFICES 
August 25, 1925 
Orifice. used_#_50 _ 
Run : Manometer Readir 
: Left : Right : Toi 
# 2 feet of water Crosby • inches 2 













2 1 1 . 0 0 
2 1 1 . 0 0 19.0 
5.5 
14.5 





. 1 j 
: 73 
F THZ DIAMETERS OF JETS 
MALL ORIFIC 
Howel 1 R- S 
Qri_f i.ce_ u.8 e_c\_-—_Dr_i 11 _Jr_ZQ 
eading: Water; Manometer : lilA-ne-t^r. — Jtjieji£s_jfQJT Length 
column; Left : Right: In.cb.ea Ir^i-crJ-iLiiie^njLaiLe 'Smooth Sec-









3.20 : 6.31 
Mercury 
+ 7 .50: + 
:+10.13:—10.0 
00:+13.85:—1305 
^06 .v0910 :. 0312:.0911:.0880:.0378: 
85:.0900:.0882:.0835:.0375:.0891: 
337:.0884:.0385:.0879:.0877:.038 5: 
21 •. 0822:. 0822:! 032©: \ 0820:. 0820 : 
?a:_^2o_:_4JL7o_:_512a:^JIL3g.: : 
75: : : : : 10 
35:.0805:.0374i.0878:' : : 11 
1885:. 0885;. 0850:c0835: :. 5 22 
•75:',o0855:.0840:.0350: : 21 
0330:. 0330:. 0835:. 0350:. 0850: ' :| 21 
0 8 3 5 * • 00 50 \ • 0 Q 3 0 * • 0 ̂ 7 0 * • 0 8 0 5» * 
_J j : 0rin£e_us_ed 4 Drill $ 43_ £ i:" ' : 
: 1 : 1 a . z o i i . a o i & . z o I i L a o l 
! 7.30! 0.35! 2.35}.07405.0793*.0790!.0810..0770! : 
: 7.60: 0.34: 4.34:.0750:.0750:.0795:.0780:.0770:.0790: 
: 8.10: 0.31: 3.31:.0745:.0725:.0710:.0750:.0790:.0770: 
Mercury 
: 8.20:+ 5.1 :— 3.0 :.0799:.0760:.0710:.0725:.0770:.0785: 
: 8 :+10.18:-10.0 :.0800:.0772:,0770:.0730:.0700;.0730: 
: - a. 504-+!^..S&i-13^5-_:j£)&Q_:J)32Q.:juOfioa:*.0fi7Z:^.OZOil:*-0T±0.: 
*'• 7.: 70: 0.35: 2 . 3 5 i 4 S B ^ : : " : 
1 7«80* 0.34: 4.34:•0320••0730: : • 
: cj.10: 0.31 : # 8.31:".0730:.0735..074oi.077C: llercury 
: 8.20:+ 5.1 : - 5.0 : .0781: . 0720:.0735.5.0755: 
: 8 :+lo.a>8 : - io .O :.07 50:.0800:.0810:.0320: 
• : 8.50:+13 .85:-13.5 :.0720:.0730:.0820:.0840: 
: 1 2 - 1 / ; 
: 1 8 - 1 / 
Mayn/fication 20 O 
Figure 4-
9 3 
prJ// <f3 Vrifi'cd d/a . 0.090Z? 
Magnification 2 6 
Figure 8 
9 5 
Vri/Itftog- Orifice di'a- e>.03/+o" V>r///# 76~ Or/ f/'ce d/'s>. o.oZooS 
9G 
Me$7?if/ce//or? <q.^.z.& 
T?ri//&90-0r/ftce dta. O'O/tSs 
£-/<?ctye / 6 
A7a g-r?}-f/'cai~/o-r7 Z, O O 
Vri/I # SO - Or/f/ce d/e- a*oi4*S$ 
g 77/ft cat} or? ZOO 
~Dr-//t size 0-004-" 














Coefficient of discharge 
Drill 
Orifice, dia-mefer O-OSZtl! 
Mechon/col En^eewy LBbonfay 
Qhto Statt University 
. Sumwr I9ZS / f e y * / / , 
• — • • j 1 •—j ; 
40 (>o go ice no no \ho /so zoo izo 2+0 
Head on o r i f i c e - F e e t o f w a f e r 
" Coefficient o f disch+yye. 
Prill #-60 
OnficA di»m*ttr 004-Il" 
Ohio State Unittni1y j 
ZOO ZZO 
Head 0 " <orif*'c& ~:'F<ze,tof wafer 








Orifice - Drill # 60 : 
Nominal dia. 0.0400 
Actual dia. 0.0411 
Actual area 0.0000092132 sq. ft. 
Run # 1. Average head by water column 4.044 ft. H2O. Net 
weight water 37.37 lbs. Duration run 90 min. = 5400 sec. 
Temp, water 74°F. unit wt., #/cu.ft. 62.27. Density water 
0.99745. Average height wa,ter in drum 2.00" 
(4.044 + 2.00) 0.93745 = 4.21 ft. H 20 total head 
, 12 
V = y r2~gh = 1/64.4 x 4.21 = 16.465 ft./sec. 
q = av = 0.0000092132 x 16.465 = 0.0001517 theoretical discharge. 
3 7 , 3 7 = 0.00011262 cu.ft/sec actual discharge 
62.27 x 5400 
coefficient of discharge = 0.00011262 _ Q ? 4 2 
0.00015170 
Run # 2. Average head by water column 4.13 ft. H 20. Quantity 
water discharged, cu.ft. 0.092755. Duration run 13 min — 
34.5 sec. = 814.5 sec. Temp, water 74°F. Unit wt. lbs/cu.ft. 
62.27. Density water 0.99745. Average height water in drum 
1.70" 
(4.13 + 1.70) 0.99745 = 4.27 ft. Total head 
, 12 
V = V 2 gh m VS4.4 x 4.27 = 16.58 ft/sec. 
q = av = 0/0000092132 x 16.58 = 0.00015275 theoretical discharge 
0.092735— = 0.00011385 cu/ft/sec actual discharge 
814.5 
coefficient of discharge = 0.00011385 = 0.745 
0.OOO15275 
Run #3. Average head by water column 8,12 ft. H 2C. 
Quantity discharged, cu.ft. 0.092735. 
Duration run 10 min.—19 sec. = 619 sec. Temp, water 74°F 
Unit wt, lbs/cu.ft. 62.27. Density water 0.99745. 
Average height water in drum 1.8" 
(3.12 + 1.8 ) 0.99745 = 3.243 ft. Total head 
r 12 . 
V = V S T g h = V64.4 x 8.25 = 23.05 ft/sec. 
q = av = 0.0000092132 x 23.05 = 0.00021235 theoretical discharge 
0.092735— = 0,00014981 cu.ft/sec actual discharge 
619 
coefficient of discharge = 0.00014981 = 0 70 c 
0.0002123 5 
Run # 4. Average head by manometer 18.0425" Hg. 
Quantity discharged, cu.ft. 0.092735 
Duration run 6 min. — 51 sec. = 411 sec. Temp, water 74°F. 
Unit wt. lb/cu.ft. 62.27. Density water 0.99745 
SAMPLE CALCULATIONS 
Orifice - Drill # 60 
Run # 4. Con. 
DeBsity mercury = 13.58. 
Average height water in drum 2.2" 
(18.0425 x 13.58) = 20.418 ft H 20 
12 
2.2 x 0.99745 = 0.182 ft, H 20 
20.418 + 0.182 = 20.60 ft. Total head 
V = f2~gh = V64.4 x 20.60 = 36.42 ft/sec 
q=av=0.0000092132 x 36.42 = 0.00033554 theoretical discharge 
0.09273K = 0.00022563 cu.ft/sec actual discharge 
411 
coefficient of discharge = 0.00022565 = 0.672 
0.00033554 
Run # 5. Average head by manometer 18.0492" 
Net weight water 42.1. Duration run 50 mins. = 3000 sees. 
Temp, water 74°-F. Unit wt., lbs/cu.ft. 62.27 
Density water 0.99745. Density mercury 13.58. 
Average height of water in drum 2.20" 
(18.0492 x 13.58) = 20.428 ft. H 20 
13 
(2-20 x 0.99745) = 0.182 ft. H 20 
• 12 
20.428 + 0.182 = 30.61 ft. Total head 
V = /2gh = tf64.4 x 20.61 = 36.43 ft/sec 
q=av=0.0000092132 x 36.43 = 0.00033563 theoretical discharge 
^2*2: = 0.00022536 cu.ft/sec actual discharge 
62.27 x 3000 
coefficient of discharge = 0.00022535 - 0. 
Run # 6. Average head 26.597" Hg. 
Net weight water 40.42. Duration run 40 mins. = 2400 sees. 
Temp, water 74°F. Unit wt., lbs/cu.ft. 62.27 
Density water 0.99745. Density mercury 13.58 
Average height ws.ter in drum 3.45" 
f2S-R97 x 13.58) = 30.099 ft, H 20 
13 
(2.45 x 0.99745) = 0.203 ft. H 20 
12 
30.099 + 0-205 = 30.302 ft. Total head 
V = jfSgh = /64.4 x 30.30 = 44.173 ft/sec. 
q=av=0.0000092132 x 44.173 = 0.00040697 theoretical discharge 
= 0.00027050 cu.ft/sec. actual discharge 
62.26 x 2400 
coefficient of discharge = 0.00027050 = 0.664 
0.00040697 
/ / 7 
SAMPLE CALCULATIONS 
Orifice - Drill # 60 
Run # 7. Average head 23.9 #/•» gage. 
Net weight water 39.7 I D S . Duration run 30 mins. = 1800 sees. 
Temp, water 74°F. Unit wt., lbs/cu.ft. 62.27 
Density water 0.99745. Average height water in drum 2.80" 
23.90 
.60 calibration correction 
23.30 x 2.31 = 53.823 ft. HsO. 
(2-SO x 0.99745) = 0.232 ft. H 30 
12 
55,825 + 0-232 = 54.065 Total head 
V = Y2gh = V64.4 x 54.07 = 59.01 ft/sec. 
q=av=0.0000092132 x 59.01 = 0.00054367 theoretical discharge 
= 0.00035419 cu.ft/sec actual discharge 
62.27 x 1800 
coefficient of discharge - 6.60055419 = 0.651 
0.00054367 
Run # 8. Average head 33.62 #/•" gage. 
Ne* weight water 43.95, Duration run 38 mins. = 1630 sees. 
Temp, water 73°F. Unit wt., Ibs/cu/ft. 62.28 
Density water 0.99758. Average height water in drum 1.9" 
33.62 
.40 calibration correction 
33.22 x 2.31 = 76.738 ft. water 
(1.9 x 0.99758) = 0.157 ft. water 
12 
76.738 + 0.157 = 76.895 Total head 
V = \f2gh = V64.4 x 76.9 = 70.373 ft/sec. 
q=av= 0.0000092132 x 70.373 = 0.00064836 theoretical discharg 
4 5 , 9 5 = 0.00042005 cu.ft/sec actual discharge 
62.28 x 1680 
coefficient of discharge = 0.00042005 = 0.648 
0.00064836 -
Run # 9. Average head 43.8 #/•" gage. 
Net weight water 53.72 lbs. Duration run 30 mins = 1800 sees 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99753. Average height water in drum 2.20" 
43.80 ' 
,58 calibration correction 
43.42 x 2.31 = 100.300 ft. water 
(2.20 x 0.99758) = 0.182 ft. water 
12 
100.3£Q_+ 0.182 = 100.482 Total head 
V = V2gh = V64.4 x 100745 = 80.44 ft/sec. 
q=av= 0.0000092132 x 80.44 = 0.0007411 cu.ft/sec theoretical 
discharge 
•H 52*22 = 0.00C4792 cu.ft/sec.actual discharge 
62.28 x 1800 
coefficient of discharge ='0.0004792 = 0.646 
0.0007411 
/ / 9 
SAMPLE CALCULATIONS 
Orifice - Drill # 60 
Run # 10. Average head 54.42 #/•" gage. 
Net weight water 60.16. Duration run 30 mins. = 1800 sees. 
Temp, water 73°F. Unit wt. lb/cu.ft. 62.23 
Density water 0.99758. Average height water in drum 2.425" 
54.42 
.05 calibration correction 
54.45 x 2.31 = 125.779 ft. water 
(2.425 x 0.99758) = 0.201 ft. water 
12 
125.779 + 0.201 = 125.98 Total head 
V = V^2gh = \/64.4 x 125.98 = 90.073 ft/sec. 
q=av= 0.0000092132 x 90.073 = 0.00082986 theoretical discharge 
6 Q « 1 6 = 0.00053664 cu.ft/sec. actual discharge 
62.28 x 1800 
coefficient of discharge = 0.00053664 = 0.646 
0.00082986 
Run # 11. Average head 64.0 #/•" gage. 
Net weight water 65.30 lbs. Duration run 30 mins. = 1800 sees. 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99758,, Average height water in drum 2.625" 
64.00 
•24 calibration correction 
64.24 x 2.31 = 148.394 ft. water 
x 0.99758) = 0.218 ft. water 
12 
148.394.,+ 0.218 = 148.612 Total head 
V = f2gh = V64.4 x 148.61 = 97.83 ft/sec. 
q=av=0,0000092132 x 97.33 = 0.00090132 theoretical discharge 
35,30 = 0.00058249 cu.ft/sec.actual discharge 
62.28 x 1800 
coefficient of discharge = 0.00058249 = 0.646 
0.00090132 
Run # 12. Average head 74.64 #/•" gage. 
Net weight water 70.33. Duration run 30 mins. = 1300 sees. 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99758. Average height water in drum 2.75" 
74.64 
.20 calibration correction 
74.84 x 2.31 = 172.880 ft. water 
(2.75 x 0.99758) = 0.228 ft. water 
12 
172.88 + 0.228 = 175.103 Total head 
V « V^gh = V64.4 x 17311 = 105.585 ft/sec 
q=av=0.0000092123 x 105.585 = 0.00097268 theoretical discharge 
7 0 * 3 3 = 0.00062736 cu.ft/sec. actual discharge 
62.28 x 1800 
coefficient of discharge = 0.00062756 = 0.645 
0.00097268 
/ / 9 
SAMPLE CALCULATIONS 
Orifice - Drill # 60 
Run # 13. Average head 84.52 #/•" gage. 
Net weight water 74.76 lbs. Duration run 30 mins.- = 1800 sees 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99758. Average height water in drum 2.90" 
84.52 
.21 calibration correction 
34.73 x 2.31 = 195.726 ft. water 
(2.90 x 0.99758) = 0.240 ft. water 
12 
197.726 + 0.240 = 195.966 Total head 
V = fZgh = V64.4 x 195.97 = 112.34 ft/sec. 
q=av= 0.0000092123 x 112.34 = 0.0010349 theoretical discharge 
74« 7§ = 0.00066638 cu.ft/sec. actual discharge 
62.28 x 1800 
coefficient of discharge 0.00066688 = 0.644 
0.0010349 
Run # 1 4 . Average head 94.31 #/•" gage. 
Net weight water 78.98 . Duration run 30 mins. = 1800 sees. 
Temp, water 74°F. Unit wt., lbs/cu.ft. 62.27. 
Density water 0.99745. Average height water in drum 3.15" 
94.30 
.50 calibration correction 
94.80 x 2.31 = 218.983 ft. water 
(3-15 x 0.99745) = 0.262 ft. water 
12* 
218.933 + 0.262 = 219.25 Total head 
V = V"2gh = T/64.4 x 219.25 = 118.83 ft/sec. 
q=av= 0.0000092123 x 118.83 = 0.0010946 theoretical discharge 
7 8 , 9 8 = 0.00070463 cu.ft/sec. actual discharge 
62.27 x 1800 
coefficient of discharge = 0.00070462 = 0.643 
0.0010946 
Run # 15. Average head 104.53 #/•" gage. 
Net weight water 83.20 lbs. Duration run 30 mins = 1800 sees. 
Temp, water 74°F. Unit weight, lbs/cu.ft. 62.27 
Density water 0.99745. Average height water in drum 2.90" 
104.53 
1.02 calibration correction 
105.55 x 2.31 = 243.821 ft. water 
(2.90 x 0.99745) = 0.240 ft. water 
12 
243.821 + 0.240 = 244.061 Total head 
V = vr2iH"= V64.4 x 244.06 = 125.37 ft/sec. 
q=av= 0.0000092123 x 125.37 = 0.0011549 theoretical discharge 
S 3 » 2 Q = 0.00074228 cu.ft/sec. actual discharge 
62.27 x 1800 
coefficient of discharge = 0.00074228 = 0.642 
0.0011549 
120 
The results are shown in blue print form pages 13 
A complete set of sample computations is given for 
orifice # 60, pages 115 - 1 1 % 
An investigation of the curves seems to indicate the 
following: 
(a) As the diameter of the orifice is decreased the 
coefficient of discharge approaches unity, mini­
mum value for 0.00419" orifice at high head 0.933, mini­
mum value for largest orifice 0.1003 at high head 0.589. 
(b) For each orifice there is a critical head beyond 
which the coefficient of discharge decreases very slight­
ly with increaae in head. As the head is decreased be­
low this critical head the coefficient of discharge in­
creases quite rapidly. 
(c) The critical head referred to in (b) increases 
with a decrease in diameter of the orifice. 
(d) Below the critical head the coefficient of dis­
charge approaches unity as the head is decreased. 
Mr. H. J. I. Bilton from his experiments described 
in the proceedings of the Victorian Institute of Engi­
neers — 1908, concluded that as the head decreased the 
coefficient of discharge approached 0.748, but the 
results of the present investigation seem to indicate 
that all curves converge toward unity, neglecting 
capillarity, viscosity, cohesion, etc, 
(e) As the diameter is decreased another critical 
head is found as the head is decreased. As the head 
is decreased beyond this second critical head the 
coefficient of discharge decreases very rapidly and 
appears to approach the origin/ See curves for the 
two smallest orifices — namely 0.00419 and 0.01491 
inches in diameter respectively. 
It is probable that this indicates the effect of 
capillary attraction. It is reasonable to suppose that 
this attraction might retard the flow to such an ex­
tent as to cause the coefficient of discharge to ap­
proach zero as the head approaches zero. 
(f) The thickness of the orifice plate is approach­
ing the short tube comditions, namely 4 to 5 diameters, 
as the diameter is decreased and the effect probably 
increases the coefficient of discharge. This may ac­
count for the wide separation of the curves for the 
to 18. 

